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No interruptions in 
service when you install 


woopD 
GATE VALVES 


Because of their inaccessibility un- 
derground, repairs to gate valves 
are always time-consuming, expen- 
sive, and a source of annoyance. 
And interruptions in service while 
repairs go on are hazardous for 
the community. 

For these reasons, R. D. Wood 
Gate Valves are designed to func- 
tion for generations no matter 
what the conditions. They are rug- 
ged in construction, fully bronze 
mounted, and tested to 300 Ib. 
hydrostatic pressure. Designed for 
working pressures conforming to 
AWWA specifications. 


Available with mechan- 
ical joint or flange- 
» type pipe connection 


SIMPLE IN DESIGN 


Only three moving parts —a spreader 
and two discs which are free to revolve 
their complete circumference while being 
raised or lowered. Gates are lifted clear of 
valve seats, providing unobstructed flow. 


R. D. WOOD 
COMPANY 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


R. D. Wood Gate Valves also 


available with O-Ring Stuffing 
Box seal when specified. 


Manufacturers of Mathews Hydrants and “Sand-Spun” Pipe (centrifugally cast in sand molds) 
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Low cost 
Operation 


Whether it be shining shoes, or a multi-million dollar industry, operational costs can 
spell the difference between success and failure. That is why so many government 
agencies, municipalities, private water companies, and industries have turned to 
LOCK JOINT CONCRETE PRESSURE PIPE. 


The dense walls of Lock Joint Concrete Pressure Pipe resist electrolysis and soil cor- 
rosion. They also protect steel reinforcing of such conservative stress design that 
danger of bursting is virtually negligible. Result: replacement or even repair is a 
rarity, and danger of sudden failure which often entails extensive damage is held 


to a minimum. 


Smooth concrete inner surfaces which cannot tuberculate make the pipe’s initial 
high carrying capacity permanent. Result: low pumping costs and full capacity in 
the future when even greater demands may be made on the line. 


Long life, permanent high carrying capacity and minimal maintenance represent 
highest quality service at lowest operational cost. 
This measure of a successful water works system can 
be yours with Lock Joint Concrete Pressure Pipe. 


LOCK JOINT PIPE Co. 


East Orange, New Jersey 


Sales Offices: Chicago, Ill. - Columbia, S.C. » Denver, Col. + Detroit, Mich. » Hartford, Conn. - Kansas City, Mo. + Perryman, Md. 
Pressure - Water - Sewer + CONCRETE Pipe - Culvert - Subaqueous 
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EP A HEAD! 


Low-Priced, 
Performance-Proved Builders Dall Flow Tube 
Cuts Differential Producer Head Loss 90%! 


The Dall Flow Tube offers. . . 

© unsurpassed differential pressure recovery 

© lower pumping and transmission costs 

® lower initial, installation, and operating costs 

© constant, stable discharge coefficient over wide flow range 
© plastic-insert models available 


Keeping a head assures you of adequate line pressure at distant 
points ... reduces pumping costs over extended 
periods. Numerous other advantages discussed 
in Technical Bulletin 115-L3C. Request your 
free copy today ... and keep ahead in many 
ways! Write Builders-Providence, Inc., 365 
Harris Ave., Providence 1, Rhode Island. 


@BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES 
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COMING MEETINGS 


Dallas, Tex. 


AWWA ANNUAL CONFERENCE 


Official reservation forms have been mailed to all members and are 
returnable to AWWA. Preliminary technical program on p. 48 PGR. 


Apr. 20-25, 1958 


AWWA SECTIONS 
Winter-Spring Meetings 


Mar. 12-14—Kansas Section, at 
Lamer Hotel, Salina. Secretary, 
Harry W. Badley, Representative, 


Neptune Meter Co., 119 W. Cloud, 
Salina. 


Mar. 20-22—Montana Section, at 


Florence Hotel, Missoula. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of Environmental Sanitation, 
State Board of Health, Helena. 


Mar. 23-25—Southeastern Section, 
at Dinkler-Plaza Hotel, Atlanta, Ga. 
Secretary, N. M. deJarnette, Engr., 
Div. of Water Pollution Control, State 
Dept. of Health, 309 State Office Bldg., 
Atlanta, Ga. 


Mar. 26-28—New York Section, at 
Van Curler Hotel, Schenectady. Sec- 
retary, Kimball Blanchard, Riversville 
Rd., Greenwich, Conn. 


Mar. 26-28—Illinois Section, at La- 
Salle Hotel, Chicago. Secretary, 
Dewey W. Johnson, Research Engr., 


Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago. 


Apr. 16-18—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secre- 
tary, Rupert C. Ott Jr., Neptune Me- 
ter Co., 2818—2I1st St., Columbus. 


May 15-17—Pacific Northwest Sec- 
tion, at Davenport Hotel, Spokane, 
Wash. Secretary, Fred D. Jones, Asst. 
Supt., Water Dept., 306 City Hall, 
Spokane, Wash. 


May 15-17—Arizona Section, at El 
Conquistador Hotel, Tucson. Secre- 
tary, Stanford I. Roth, Supervisor of 
Water Collections, Div. of Water & 
Sewers, Phoenix. 


Jun. 1-4—Canadian Section, at 
Royal York Hotel, Toronto, Ont. 
Secretary, A. E. Berry, Gen. Mgr. & 
Chief Engr., Ontario Water Resources 
Commission, Parliament Buildings, 
Toronto. 

Jun. 25-27—-Pennsylvania Section, 
at Hotel Lawrence, Erie. Secretary, 
L. S. Morgan, Div. Engr., State Dept. 
of Health, Greensburg. 


(Continued on page 8) 
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How a Four-Man Crew 
laid 1500 feet a day of 


CLOW Bell-Tite pipe 


through Florida swampland 


CLOW cast iron pipe, with the sensational Bell- 
Tite joint, proved its advantages conclusively in 
this Clearwater, Florida, installation. 

That a four-man crew was able to lay this 
CLOW Bell-Tite pipe at 1500 feet a day under 
these adverse conditions is definite evidence of 
the time, labor and money-saving advantages of 
this CLOW-designed joint. Two men worked in 
the trench—often in 3 feet of water. One man 


lubricating and aligning the joints, the other 
assembling with a pinch bar. A crane operator 
and a hook-up man completed the crew. 

CLOW Bell-Tite forms a pressure-tight joint— 
instantly—no bolts or follower glands required. 
Under practically all conditions, it is the fastest, 
easiest and most economical pipe for water main 
installation. Underwriters’ Laboratories Inc. 
listed in diameters 3- through 24-inch. 


fk 


Under-water assembly of 8° Bell-Tite pipe at Clearwater, Fla. 
Contractor: Hancock Pipe Company, Cleatwater, Fla. 


201-299 North Talman Avenue, Chicago 80, Illinois 
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Fall Meetings 

Sep. 8-10—Michigan Sec., Grand Rapids. 

Sep. 10-12—New York Sec., Lake Placid. 

Sep. 17-19—Ohio Sec., Cleveland. 

Sep. 17-19—Wisconsin Sec., Wausau. 

Sep. 22-24—Kentucky-Tennessee Sec., 
Memphis, Tenn. 

Sep. 24-26—North Central Sec., Duluth, 
Minn. 

Sep. 28-30—Missouri 
City. 

Sep. 28-Oct. 1—Alabama-Mississippi 
Sec., Biloxi, Miss. 

Oct. 15-17—Iowa Sec., Des Moines. 


Oct. 19-22—Florida Sec., North Miami 
Beach. 


Oct. 23-24—West Virginia Sec., Charles- 
ton. 


Oct. 23-25—New Jersey Sec., Atlantic 
City. 
Oct. 28-31—California Sec., Los Angeles. 


Oct. 29-31—Chesapeake Sec., Wilming- 
ton, Del. 


Nov. 5-7—Virginia Sec., Richmond. 


Nov. 10-12—North Carolina  Sec., 
Greensboro. 


OTHER ORGANIZATIONS 


Sec., Jefferson 


Mar.—Apr.—Short courses sponsored by 
R. A. Taft Sanitary Engineering Cen- 
ter: Advanced Training for Sanitary 
Engineers in Water Supply and Water 
Pollution (Mar. 3-14), Sanitary Engi- 
neering Aspects of Nuclear Energy 


(Mar. 17-28), Basic Radiological 
Health (Apr. 28-May 9). Apply to: 
Chief, Training, R. A. Taft Sanitary 
Engineering Center, 4676 Columbia 
Pkwy., Cincinnati 26, Ohio. 

Mar. 17-18—Steel Founders’ Society of 
America, Drake Hotel, Chicago, III. 

Mar. 17-21—4th EJC Nuclear Engineer- 
ing & Science Conference and Interna- 
tional Atomic Exposition, International 
Amphitheater, Chicago, III. 


(Continued from page 6) 


Mar. 31-Apr. 2—Texas Conference on 
Utilization of Atomic Energy, Texas 
A&M College, College Station, Tex. 


May 5-7—Purdue Univ. Industrial 
Waste Conference, Purdue Memorial 
Union Bldg., Lafayette, Ind. 


May 12-14—Analysis Instrumentation 
Div., Instrument Society of America, 
Shamrock Hilton Hotel, Houston, 
Tex. For registration information 
write: H. S. Kindler, ISA Director of 
Technical Programs, 313—6th Ave., 
Pittsburgh, Pa. 


May 19-23—Short Course on Safety 
Management Techniques, sponsored by 
National Safety Council, Chicago, III. 
Write: Director of Industrial Training, 
National Safety Council, 425 N. Michi- 
gan Ave., Chicago 11, IIl. 


May 24-31—lInternational Water Supply 
Congress, Brussels, Belgium (in con- 
nection with World’s Fair). For in- 
formation, write: Belgian Organizing 
Committee, 10 Square Ambiorix, Brus- 
sels 4, Belgium. 

May 30—Jun. 1—European Organization 
for Research on Fluorine and Dental 
Caries Prevention, Brussels, Belgium 
(in connection with World’s Fair). 
For information write: Dr. M. Jo- 
achim, Chairman, Organizing Commit- 
tee of ORCA Congress, 67 Rue de 
Treves, Brussels, Belgium. 


Jun. 10-12—Appalachian Underground 
Corrosion Short Course, School of 
Mines, West Virginia Univ., Morgan- 
town, W.Va. 

Jun. 22-27—American Society for Test- 
ing Materials, Hotel Statler, Boston, 
Mass. 

Sep. 1-13—2nd International Conference 
on Peaceful Uses of Atomic Energy, 
Geneva, Switzerland. 

Oct. 5-9—Federation of Sewage & In- 
dustrial Wastes Assns., Detroit, Mich. 


Oct. 13-17—American Society of Civil 
Engineers, New York, N.Y, 
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ALL BRONZE 
WATER METERS 


assure 
maximum revenue 


SUSTAINED 
ACCURACY 


PA PA 
MAINTENANCE. 


e TIME TESTED 


CA MET 


WATER METERS 
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FIBERGLASS-REINFORCED 
PLASTIC_WASH TROUGHS 


© Eliminate the costly maintenance jobs of chipping 


JOURNAL AWWA 


and painting! 


@ Easy to handle—inexpensive to install! 
© Weather-resistant—will last indefinitely! 


With a background of more than 30 years’ 
experience in wash trough design, Leopold 
has now developed a trough of Fiberglass- 
Reinforced Polyester-Laminate Plastic—a 
material that is structurally ideal for wash 
water troughs. 

This new design offers a combination of 
advantages provided by no other type— 
uniform strength, dimensional stability, light 
weight for easy handling, complete resistance 
to weather and corrosion, built-in sand stop, 


Mail Coupon for Literature 
—Complete Details 


mold-formed weir edges, and reinforced con- 
struction. In addition, Leopold Plastic 
Troughs, made from extra heavy fiberglass 
mat, are very durable—will last for years 
without any painting or other maintenance. 

And of particular note—these unique 
troughs are available in a variety of cross- 
sectional dimensions, providing capacities to 
suit individual requirements. 


F. B. Leopold Co., Inc. 
Zelienople, Pa. 


Please send literature on Leopold Fibergloss-Reinforced Plastic 
Wash Troughs. 


Nome. 


Address. 
City. 
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Allis-Chalmers 
PUMPS solve a Public Works Problem | 


Save 
$30.00 a 
Month 
in Power 
Costs 
Alone 


Here’s proof that increased efficiency reduces pumping costs 
— pays for replacement unit in 242 years 


@ Now, with modern Allis-Chalmers pump- 

Duty: 500 gpm at 200-ft head. ing equipment, it is possible for you to 

Power Cost 1.25¢ per kwhr. replace old —— pumps Mey new 

equipment — an pay for it out of power 

25-year-old | new pump savings in an average depreciation period. 

pup For complete information on the Allis- 

Rpm 1750 3500 Chalmers pumps for your applications, con- 
Allis-Chalmers 


Hp 50 40 
Wire-to-water efficiency 532% 67% 


Cost per 1000 gallons 1.46¢ 1.18¢ 


Cost per 12-hr day $5.26 $4.25 ‘ 
Allis-Chalmers units are built with that 
Per month $158.00 $128.00 pn oan of and 


A Savings of $30.00 a Month that will assure long life and low-cost service. 
Allis-Chalmers pumps and motors also save 
dollars in maintenance and downtime re- 


For MORE You can get a complete pumping unit 
from Allis-Chalmers — pump, motor, 
PU MP VALUE control—assembled and 


Chalmers engineers are at your service to 


Get Allis-Chalmers _ help you in selecting just exactly the equip- 
ment to meet your requirements. aan 


ALLIS-CHALMERS 


# ae tive, or write Allis-Chalmers, General Prod- 
& a ucts Division, Milwaukee 1, Wisconsin. 
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Get your copy nou! 


The QUEST for 
PURE WATER 


by 
M. N. BAKER 


Here, at long last, is a comprehen- 
sive history of water purification from the 
earliest records to the twentieth cen- 
tury, relived and recorded by M. N. 
Baker following his retirement as Asso- 
ciate Editor of “Engineering News- 
Record” in 1932. Here, as Abel Wol- 
man says in his foreward, is “an inex- 
haustible treasury of authenticated 
information,” which no student of water 
treatment cen afford to miss. 


The product of nine full years of 
research after forty-five years of first- 
hand observation, Mr. Baker's story of 
man’s 4,000-year “Quest” for a pure 
supply of drinking water is a must not 
only for your library but for your reading 
list. 


466 Text Pages 
73 Illustrations 
900 References 


Special Price to Mem- 
bers who send cash 


American Water 
Works Association 


2 Park Avenue New York 16, N. Y. 


Standard 
Methods 


1955 


List price, $7.50. Price 
to members sending cash 
with order, $6.50 


The new edition of Stand- 
ard Methods for the Exami- 
nation of Water, Sewage, and 
Industrial Wastes is now 
available. The 522-page 
book—over 200 pages larger 
than its predecessor—in- 
cludes new material on meth- 
ods, theory, significance of 
results, and expected accu- 
racy and sensitivity. 


Published jointly by 
APHA FSIWA AWWA 


Send your order to: 
AMERICAN WATER WORKS 


ASSOCIATION 
2 Park Ave. New York 16, N. Y. 
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NOW...organized into a new 
division to serve even better! 


Qntroducing 


Vulcan Material Company’s 
CONCRETE PIPE DIVISION 


To serve the expanding market for 
quality concrete pipe and accessories, 
Vulcan’s Concrete Pipe Division will 
operate the eight plants of: 


Southern Cen-Vi-Ro Pipe Corp. 
Atlanta Concrete Pipe Company 


Sherman Concrete Pipe Company 


For service geared to your needs... 
for economy ... for outstanding quality 
} in concrete pressure pipe, sanitary sew- 
) er pipe, storm sewer or concrete culvert 
pipe, contact Vulcan Materials Com- 
pany, Concrete Pipe Division. 


“Organized for Service” 


Vulcan Materials Company K Vulcan 


CONCRETE PIPE DIVISION Materials 


P.O. Drawer 155 - Birmingham 2, Alabama hes Company 


Plants at Anniston + Mobile, Alabama; Atlanta « Decatur, Georgia; Jacksonville 
Tallahassee « Tampa «+ Sanford, Florida. 


Mar. 1958 ee P&R 13 
| 
| 
4 


JOURNAL AWWA Vol. 50, No. 3 


Select the CONPROL you want 
for Automatic Valve Operation . . . 


THERMOSTATIC PRESSURE OR LIQUID ELECTRICAL 
CONTROL LEVEL CONTROL CONTROL 


MAN 


HYDRAULIC 3-WAY, 
PILOT CONTROL | 


with the G-A Cushioned FLOWTROL VALVE 


e Operates automatically with any fluid, any control « Angie or globe 
body, bronze or non-corrosive liner ¢ Air and fluid cushioning prevent 
hammer in closing ¢ Available sizes 2” to 36” for pressures to 250 psi. 


Write for Bulletin W-8A 


Specially Company 


1210 RIDGE AVENUE, PITTSBURGH 33, PA. 


Designers and 
Manufacturers of 
VALVES FOR 
AUTOMATION 


14 P&R 
ala) 
FLOAT CONTROL HANDWHEEL 
CONTROL 
° 
Goer 
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Housewives despair when red wa- 
ter stains mar plumbing fixtures 
and leave streaks and spots on 
sheets and linens. And they are 
loud in their complaints to the 
responsible city officials. 

You can turn these complaints 
into compliments if you adopt 
Threshold Treatment with Cal- 
gon. Calgon stops dissolved iron 
and manganese from discoloring 
the water or staining plumbing 
fixtures, fabrics and clothing. - 
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CALGON company 


pay DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 


IRON STAINS” 

ON FIXTURES? 
BANISH THEM. 

WITH CALGON? 


Calgon’s sequestering and dis- 
persing action stops this precipi- 
tation of dissolved iron and man- 
ganese—often present in well wa- 
ters. Red Water is banished, pipe 
line capacity is retained and the 
iron or manganese remains in 
the water. 

An experienced Calgon engi- 
neer will be glad to work with 
you on the solution of your par- 
ticular water problem. Write or 
phone the address below: 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
IN CANADA: HAGAN CORPORATION (CANADA) LIMITED, TORONTO 
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QO Highway... 


WHERE WATER 


OUGHT TO BE 


We have no quarrel with highways, or with 
sub-divisions either. But, all too frequently land that 
would have been a logical reservoir site for a growing 
community is developed for other purposes. 

The reason, of course, is shortsightedly placing a 
lower present water rate ahead of future 

needs in importance. 


The real answer to keeping water rates low is 

“build soon enough . . . build big enough.” 

Concrete pressure pipe fits in this picture, too. 

It is virtually maintenance free. It will not tuburculate. 
It has the elasticity to resist bursting from surge 

and water hammer. And . . . no other pipe 


is easier to install. 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle Street 
Chicago 1, Illinois 


— 
; 
5 
PRESSURE 
ba R FOR GENERATIONS TO COME | 
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WORTHINGTON - GAMON 


“Watch Dog” models 

- made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 
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WATCH DOG 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 


29% SOUTH STREET, NEWARK 5, NEW JERSEY 


METER DIVISION 
Worthington Corporation 


== — 


OFFICES IN ALL PRINCIPAL CITIES 


es 
thousands of munic- hoes — 
ipalities i the U.S 7 WATER METERS 
Ae 
4 
4 


New Cochrane SOLIDS-CONTACT REACTOR 


combines 
mixing, precipitation, sludge concentration, clarification & softening 


The relatively hard, turbid Rocky River 
supply for the city of Berea, Ohio, is 
quickly reduced in hardness to approxi- 
mately 3.5 gr/gal and to a turbidity of 
less than 10 ppm by the Cochrane Solids- 
Contact Reactor shown above. An exist- 
ing concrete basin 28’ square x 15’ deep 
was modernized by conversion to the 
Solids-Contact type. Using hydrated 
lime, soda ash and alum, the Reactor 
treats over 2,000,000 gpd at surprisingly 
low cost. 

Because the design of the Cochrane 
Reactor provides higher quality treated 
water faster, in less space, with minimum 


coORPOR ATION 
3124 N. 17TH STREET, PHILADELPHIA 32, PA. 
NEW YORK PHILADELPHIA CHICAGO 


Representatives in 30 principal cities in U.S.; Toronto, 
Canada; Paris, France; Mexico City, Mexico; La Spezia, 
Italy; Havana, Cuba; Coracas, Venezvela; San Juan, 
Pyerto Rico; Honolulu, Hawaii; Malmo, Sweden; Santiago, 
Chile. Pottstown Metal Products Division—Custom built 
carbon steel and alloy 


Demineraiizers Hot Process Softeners 
De 


chemicals, their use has grown tremen- 
dously for municipal applications. High 
slurry strength in the reaction zone 
speeds precipitation—there is very little 
waste water. Automatic desludging saves 
time and labor. In addition to softening 
and clarification, Cochrane Reactors re- 
move color, taste, odor; reduce alkalin- 
ity, silica, fluorides, etc. 

Cochrane’s background in water con- 
ditioning makes possible the installation 
of complete systems under a single re- 
sponsibility for continued, consistent 
performance. Write for Publication 
5001-A and case history reprints. 


Cochrane also manufactures circular reactors 


CITY OF BEREA, OHIO 
= 
Condensate Return Systems SpecioBies 
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Simple design and rugged construction are outstanding features 
of the double disc gate assembly in M & H Valves. The gate 
consists of 2 bronze faced discs, | integral stem nut and spreader, 
and 2 direct-acting bronze spreaders. 

When the valve is opened, the stem nut spreader and the 
direct-acting spreaders simultaneously release the pressure of 
the disc against the seats. This allows the dics to move laterally 
away from the seats and rise easily. When the valve is closed, 
the action of the discs and spreaders is simply reversed. 

There is no sliding action of the discs on the seats either in 
opening or closing. With certain refinements, this mechanism is 
incorporated in M & H Square Bottom Valves which are espe- 
cially designed for throttling purposes. Write or wire 


M:H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 


20 P&R 
pis¢ 
weDGING 
M E C H A N 
2, 
Pay 
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AMERICAN Fastite Joint pipe com- 

bines the century-proven qualities 

of cast iron pipe with the exclusive Write now for free 
time and labor saving features of a illustrated booklet 
new double-sealing single gasket type 
joint. Here is simplicity of assembly: 

insert gasket . . . lubricate spigot . . . 

pull pipe together. No calking or n y 
further joint work required . . . and Patent applied for—Underwriters 
it’s bottle tight! Laboratories, Inc., approved. 


SALES OFFICES: New York City » Chicago « Kansas City « Minneapolis « Dallas 
Denver « Orlando « Los Angeles « Pittsburgh « San Francisco + Cleveland « Birmingham 


AST IRON PIPE Co. 
BIRMINGHAM 2, ALABAMA 
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Orlando, Florida Water Treatment Plant includes three Walker 
Process Clariflows for lime softening as well as algae and color 
removal. The unit in the foreground, completed in 1954, in- 
creases the plant capacity to 24 MGD. The two original Clari- 
flows were installed in 1949. Each unit is 56’ square x 17’ deep. 


WALKER PROLESS 


Consulting Chemists & 
Engineers — 

Black G Assoc. 
Gainesville, Fla. 

Gen’l. Mgr. — Orlando 
Utilities Commission — 
Mr. C. H. Stanton, Mgr. 
Orlando Water Dept.— 
Mr. L. L. Garrett 


The Clarifiow’ combines flocculation, good fluid mechanics and clarification in a rel- 
atively smal] tank. Mixing, flocculation, stilling and sedimentation are independently 
rated and controlled. The positive control of flocculation and clarification enables 
operator to readily select & most economical method of operation when handling 
changeable water conditions. 


Short circuiting tendencies are eliminated by means of exclusive multiple, tangential 
diffusers which simultaneously and equally distribute the flow. Balanced muitiple 
— weir troughs make efficient use of short detention periods and insure clarified 
overflows. 


The Clariflow is applicable wherever there is a municipal or industrial need for 
water or waste treatment. It can be used in all operations including combined intimate 
chemical homogenizing, flocculation’ and clarification in rectangular, square or circular 
basins. The Clariflow gives excellent results in the treatment of municipal and indus- 
trial water for—softening—turbidity removal—color removal—algae removal. Indus- 
trially it is universally used in—oil separation and emulsion breaking plants—blast 
furnace flue dust thickening—paper stock reclamation. 


Write for bulletin 6W 46. 


WALKER PROCESS EQUIPMENT INC 
FACTORY—ENGINEERING 


| 
| 
‘FLORIDA 
; 


WATER PRESSURE FOR CHICAGO'S NEW WORLD HARBOR! 


One of the first structures completed at Chicago’s new Lake Calumet Harbor, being 
readied for the completion of the St. Lawrence Seaway, is this Graver 100,000 gallon 
elevated water tank to provide constant water pressure for general and fire protection 
needs. Designed, fabricated and erected by Graver, and backed by Graver’s 100 years of 


experience, it is 28’ in diameter with a 100’ head. GRAVER TANK & MFG.CO..NC. 


New York « Philadelphia « Edge Moor, Del. « EAST CHICAGO, INDIANA 
Pittsburgh Detroit Chicago Tulsa + Sand Springs, Okla. 
Houston NewOrleans + Los Angeles « Sanfrancisco Fontana, Calif. 


1857-1957 
“ff 
3 
\ f 
J. 
/ 
/ 
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It takes just two steps to assemble the FLU!D-TITE Coup- 
ling. lubricate the tapered edge of the gasket. Then 
slide in the pipe. 


Major Advance In Woterworks Industry. K&M’s exclusive 
FLUID-TITE Coupling provides permanent, water-tight, root- 
tight connections. 


SLIDE IT IN QUICK... 
IN 2 EASY STEPS 


IT’S “KaM” ASBESTOS-CEMENT PRESSURE PIPE WITH EASY-TO-INSTALL 
FLUID-TITE COUPLING 


Installation is fast and economical! It 
doesn’t require skilled labor, heavy 
machinery, or heavyweight coupling 
pullers. Install it in any weather. 

The seal grows tighter as the pressure 
climbs! Coupling rings expand as 
water mains fill. Rings have holes 
on one side for self-energizing action. 
It’s practically indestructible! “K&M” 
Asbestos-Cement Pressure Pipe is 
non-tuberculating, non-electrolytic, 


and corrosion-resistant. Its first cost 
is often the last cost. Pressure re- 
mains normal— pumping costs stay 
low. 

Write today for more information. 


KEASBEY & MATTISON 
COMPANY » AMBLER + PENNSYLVANIA 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER - 


FILTER SAND SPECIFICATIONS are 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 

The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CH EMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


Fl LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 


The new Northeast Station in the City of Detroit, recently com- 
pleted, is one of the major projects included in the water depart- 
ment’s expansion program. The Northern Gravel Company fur- 
nished 120 carloads of filtering materials for the 48 rapid sand 
filters incorporated in this plant. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 40 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 
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NORTHERN GRAVEL COMPANY 


Muscatine, Iowa 
P.O. Box 307 Phone: Amherst 3-2711 
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water works pumps 


play a vital community role in... 


Trenton ... Naturally we are proud of our own 

water works. The De Laval Steam Turbine 

Company has been a vital part of the Trenton 

community since 1901. So for the first ad in this 

new series, we have chosen our rapidly expanding 

“home town” to illustrate the role De Laval 

pumps play in water works all over America. 

Today, in fact, the great majority of American 

cities use De Laval centrifugal pumps. Their 

design and manufacture are the result of more cnpten el Dekel 
than 57 years of experience. Units ranging up to Bulletins 1004 and 
100 million gallons per day are available to meet 1005 giving data 
all water works requirements. on these pumps 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 
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AT TEN PLANTS ACROSS COUNTRY, the Jones Company 
receives tonk cars of repockag and 


it in cylind 


ton-tanks, makes quick deliveries to users in area. 


CHLORINE 


Fast delivery on less-than-carload lots 


Pick Your Own Chlorine 
Product and Container 


CHLORINE 
in 16-, 105-,150- (70% available Gallons, carboys. 
lb. cylinders and Chiorine)3%-and Tankwagon de- 
1-ton tanks. 5-Ib. tins, 100-Ib. liveries in 1 


3000 gal. lots. 


John Wiley 


JONES CHEMICALS, 


Beech Grove, Ind. Charlotte, N.C. Jacksonville, Fla. 
Caledonia, N.Y. 


Erie, Pa. 


North Miami, Fla. 
Hudson, Wisc. St. Petersburg, Fla. 


You get swift delivery—and 
NO storage worries—when you 
turn your Chlorine problem 
over to John Wiley Jones Com- 
pany. Ten plants, strategically 
located across the U.S. stand 
ready to supply you. 

Order shipments as small as a 
16-lb. cylinder of liquid Chlorine, 
and as large as you want. With 
this flexibility, you eliminate 
storage problems and have com- 
plete protection against sudden 
emergency needs for Chlorine. 

Jones Chlorine is quality con- 
trolled to meet high government 
standards. Our trained technical 
staff will be glad to help you 
solve your Chlorine problem. 
Write for prices. 


INC. 


Torrance, Calif. 
Wyandotte, Mich. 
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Ash disposal line for power plant 
i tructed with 12” 


ing 
Mechanical Joint Cas? Iron Pipe. 


Vol. 50, No. 3 


Big Business, too, chooses 
Cast Iron Pipe 
Fire protection line for large automotive 


plant in New Jersey, built with 
Mechanical Joint Cast fron Pipe. 


‘ . 
\ 
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FOR DOLLAR 


ast Iron Pipe delivers 
ORE water...LONGER! 


Pipe is a capital investment. 


But cast iron pipe is an investment that pays off. 


ae + In longer life . . . cast iron pipe serves for 
centuries. 
ot In more efficient operation .. . cast iron ty reasons 
— pipe requires little or no maintenance or 
“ replacement. why Cast Iron Pipe 
+ In taxpayer satisfaction . . . cast iron pipe is #1 choice of U.S.A. 


far outlasts the bond issue that paid for it. 
Most important to you, these statements are 


1. HIGH FLOW CAPACITY 


based on proof, not claims . . . performance, not Gow ter ot pipe. 
promise. Specify cast iron pipe, America’s most 2. LONG LIFE 
42 North American cities are still using 


dependable pipe, and be sure, not sorry. 


. EXTERNAL LOAD RESISTANCE... 
withstands a 


Cast tron Pipe Research Association 
Thos. F. Wi 


Managing Director 
Suite 3440, Prudential Plaza, Chicago 1, Ill. 


2 FOR MODERN WATER WORKS 
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< cast iron water mains laid 10° years ; 
and more ago. Hundreds more have : 
passed the 50 year mark. 
ron inherently tough . . . 
stands up under heavy traffic load, 
soil displacement and disturbance. ; 
Tes man chooses 
ing load of 17,900 pounds per foot .. . 
CAST IRON PIPE TODAY nearly 9 tons. 
5. CORROSION RESISTANCE... 
WON'T PAY FOR IT AGAIN Cast Iron Pipe effectively resists cor- , 
* Meee leak-proof, low 
range cost 
easy-to-assemble jcints for pipe and 
Py fittings are available for all conditions. 


ELIMINATES 


dise tilting 
and chatter 


REDUCES 


wear of 
dise E seat 


tring faces 


Smith Square Bottom Throttle Construction Valves have all of the 
time-proven design and construction refinements of standard Smith Gate 
and Tapping Valves and are recommended for severe service applications 
such as throttling in a ly open position, daily or frequent operation 
against high unbalanced pressure, high velocity or installation in a flat 
position in vertical piping. 

The design features consisting of disc shoes and body tracks me- 
chanically lift and hold the disc ring face (1) out of contact with the 
seat ring face (2) at all points of disc travel with the exception of the 
fully closed position. 

Throttle construction valve discs are provided with three non-ferrous 
metal shoes (3), precision-machined and jig located. Valve bodies are 
provided with three non-ferrous metal machined tracks (4). The three 
disc shoes register with the three body tracks and each shoe is in contact 
with a track while the valve is unseated and in any partially open posi- 
tion. The bottom section of each track is bevelled to insure that the s 
will not bear on the tracks when the valve is fully closed. 

This construction prevents damage to and uneven disc and seat face 
wear and assures long service life under severe operating conditions. 

Single throttle construction is used when the flow is not subject to 
reversal. Double throttle construction when the flow is subject to reversal. 
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A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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SMITH THROTTLE CONSTRUCTION VALVES 
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FLOW CAPACITIES AND MEASUREMENTS 
ARE RELIABLE, MORE USEFUL WITH... 


The popularity and ever increas- 
ing use of Sparling propeller 
meters is obvious to the users. 
Negligible pressure loss and sus- 
tained accuracy insures proper 
determination of pump efficien- 
cy. Furthermore, due to the 
meters’ design, there is minimum 
corrosion and mechanical wear. 
The standard lightweight and 
durable plastic propeller insures long bearing life and sustained accu- 
racy. Be sure you get the complete Sparling story of accurate, trouble 
free water measurement. Write today. 


OTHER OFFICES: © Please send more information on 
Cincinnati 2. Denver 6 

Dallas 1, Texas be 

Kansas City 6, Mo. + Roselle, N.J. Address 

San Francisco 24 « Seattle 99 City fee ee. 
Romford, England 225 N. Temple City Bivd. 
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J. Pauli, Chief Engineer and W. Johnson, Chief Chemist of the St. Joseph, ( Mo.) 
Water Company, discuss operation of their W&T V-notch chlorinators. The St. 
Joseph Water Co. is part of the American Water Works Service Co., Inc. system. 


W & T V-notch Chlorinators — 
doubly accepted 


The St. Joseph Water Co. found breakpoint chlorination the 
best way to treat Missouri River water. But this increased the 
range of chlorine requirements in the water treatment. W&T 
V-notch chlorinators were the answer. 


W&T V-notch chlorinators have a chlorine feed range of 20 
to 1 with an accuracy of 4%. Based on this acceptance at its 
St. Joseph plant, the American Water Works Service Co., Inc. 
has purchased V-notch equipment for use in other plants. 


V-notch chlorinators are available to feed from 242 to 8000 
pounds of chlorine per 24 hrs. V-notch equipment also provides 
permanence and attractiveness through modern reinforced plas- 
tics. For comprehensive information about W&T V-notch chlor- 
inators, write for Bulletin S-122. 


1% WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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Value of an Acre-Foot of Water 


Edward F. Renshaw 


A contribution to the Journal by Edward F. Renshaw, Research 
Assoc., Dept. of Economics, Univ. of Chicago, Chicago, Ill. 


E people of this nation probably 

use water in greater abundance 
than any other people. They demand 
that water for domestic and municipal 
use be safe in quality and almost un- 
limited in quantity, that all arid and 
semiarid lands be irrigated, that water 
power he developed in abundance, and 
that the navigable capacity of naviga- 
ble water be maintained—all evidence 
of an enlightened and prosperous peo- 
ple. At the same time they also de- 
mand that streams be not polluted, 
that fish and wildlife habitats be pre- 
served, that scenic features be re- 
tained, and that the inalienable rights 
of individuals, states, and adjacent na- 
tions be respected. These uses and 
demands conflict even in areas of un- 
limited water supplies. With water 
limited in many areas and with de- 
mands thereon increasing, competition 
is bound to develop. Moreover, people 
are prone to look into the future and 
wonder if decisions and dedications 
made today concerning the use of 
water will prove sound tomorrow ; con- 


sequently, they are interested not only 
in today’s conflicts, but they also en- 
deavor to minimize those of tomorrow 
(1, Vol. 3, p. 1097). 

The US has reached a point in the 
development of its economy when only 
rarely can use be made of water for 
some particular purpose without ad- 
versely affecting its use for some other 
purpose. For instance, diversion of 
water for irrigation can result in lower 
navigable depths, lower power poten- 
tials, limited ability of streams to dilute 
and carry away industrial and human 
wastes, decreased recreational values, 
destruction of fish and wildlife habitats. 
It may permit the intrusion of salt 
water into bays and estuaries, with a 
consequent modification of the chemi- 
cal composition of coastal waters, their 
character, and their aquatic life. The 
water that does return to streams after 
irrigation use may contain salts which 
limit other beneficial uses. The con- 
struction of power reservoirs, stock 
tanks, ponds, and other water-holding 
devices increases evaporation and thus 
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may have the same effect as actual 
withdrawal for domestic, industrial, 
and irrigable use. Dams can seriously 
interfere with the migration of fish, 
destroy spawning grounds, and inun- 
date scenic, recreational, and agricul- 
tural lands, thereby reducing their val- 
ues. Variations in the discharge of 
water through power turbines and the 
discharge of water with a low oxygen 
content can greatly reduce the capacity 
of a stream to decompose organic 


RENSHAW Jour. AWWA 
The question remains, how shall con- 
flicts in water usage be resolved? 


Resolution of Conflicts 


It has been suggested in numerous 
water policy documents that conflicts 
should be resolved so that water is 
put to its highest economic use (2, Vol. 
1, p. 55), its optimum use (1, Vol. 1, 
p. 31), or its most productive use (3). 
In general, what is meant by the terms 
economic, optimum, and productive is 


163.35) 


167] 


0.05 


0.50 1.00 


5.00 10.00 


Water Value — $/acre-ft 


Fig. 1. Values of Water 


Methods used for determining the various values per acre-foot of water are ex- 


plained in detail in the text. 


Bars show maximum and mean values, for purposes of 


comparison. 


wastes and, hence, its ability to act as 
an agent of waste purification. Over- 
loading a stream with waste elements 
can destroy fish, impose costs on down- 
stream users, and may seriously en- 
danger the public health. The list is 
illustrative and by no means exhaus- 
tive. Conflicts in the use of water have 
already received widespread attention 
(1, Vol. 3, pp. 1095-1106), and can 
reasonably be expected to become of 
increasing importance as time goes on. 


never clearly spelled out. The impli- 
cation, however, seems to be that 
where conflicts exist, water should be 
put to uses which can be expected to 
yield the highest real returns, mone- 
tary and nonmonetary. From an eco- 
nomic point of view, therefore, best 
usage is related to the willingness of 
people, either individually or collec- 
tively, to pay for the use of water for 
alternative purposes. If conflicts are 
to be resolved, value comparisons must 
be made. 


Disposal 
Inland 
Navigation 
Commercial 
Fisheries 
0.01 0.05 0.10 50.00 100.00 500.00 
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While the inference seems clear that 
value comparisons should be made 
within and between water use cate- 
gories in order to aid the various agen- 
cies of government in their endeavor 
to resolve conflicts, comprehensive 
value comparisons have not been 
made; and, as a result, little is known 
as to how society should be prepared 
to shift from low to higher water 
usages as the forces of economic and 
population growth press against an in- 
adequate total supply. Adequate sup- 
ply would imply that water is suffi- 
ciently plentiful as to be a free good 
that need not be rationed among users. 
The President’s Materials Policy Com- 
mission has estimated, for instance, that 
between 1950 and 1975, municipal and 
industrial water requirements will in- 
crease 50 and 170 per cent, respectively 
(2, Vol. 1, p. 51). It was further sug- 
gested by this group that, as time goes 
on, a shift, particularly in the western 


part of the US, from the agricultural 
use of water for irrigation to industrial 
use will be increasingly warranted in 
terms of relative economic values (2, 
Vol. 5, p. 86). 


Use Categories 


In this article an attempt is made 
to summarize information on values of 
water in such a way that comparisons 
can be made within and between seven 
water use categories. The data, which 
are summarized in Fig. 1, are intended 
to be illustrative of possibilities for 
making comparisons rather than in any 
sense a final word as to the value of 
water in various uses. Their purpose 
is to give an idea of the relative values 
that are involved in water usage. 

The basic data used in determining 
the values of domestic and industrial 
water in Fig. 1 are compiled from a 1950 


ACRE-FOOT VALUE 
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survey of 416 cities with populations of 
10,000 and over (4). It is assumed 
that domestic users are included in the 
monthly rate bracket for 1,000 cu ft of 
water. The maximum value per acre- 
foot was determined by multiplying the 
maximum rate for 1,000 cu ft of water 
by the acreage factor 43.5; the mean 
value, by multiplying the mean rate 
for 1,000 cu ft of water (380 cities re- 
porting) by the acreage factor. 

For industrial use, the assumption 
made is that industry uses a larger 
quantity of water and thus is best rep- 
resented by the monthly rate bracket 
for 1,000,000 cuft of water. Again, 
the maximum and mean rates for 
1,000,000 cu ft of water were multi- 
plied by the acreage factor of 0.0435 
to obtain the respective values per 
acre-foot. It should be noted, how- 
ever, that large industries as a rule find 
it less costly to supply their own water. 
These estimates, while they represent 
the best statistics available, are not 
unbiased in the sense that they are 
representative of all industrial users. 
Inclusion of all users would tend to 
lower the mean rate for 1,000,000 cu ft 
of water consumed. 

Irrigation data are based on 1949 
figures: the maximum cost of water 
to farms per acre foot in San Diego 
County, Calif., and the mean county 
cost of water to farms per acre-foot in 
343 counties from 21 states (5). 

In order to arrive at a value of water 
used to generate hydroelectric power, 
an output of 1 kwhr/acre-ft of water 
for every foot of head is assigned ; this 
tends to be a maximum output and is 
approached only in the most modern 
and efficient generating plants. It is 
further assumed that 1 kwhr of elec- 
tricity is worth 1 cent; this value would 
be too high without the further as- 
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sumption that the energy produced is 
used for peaking purposes. Frank 
Weaver of the Federal Power Com- 
mission has pointed out that hydro 
power costing 10-15 mills per kilowatt- 
hour may be less costly than steam 
power used in the peak of the load, 
even though power from steam plants 
might cost 6-8 mills per kilowatt-hour 
at system load factors (6). Based on 
these simplifying assumptions, the 
value of an acre-foot of water is a di- 
rect function of the generating head. 
The maximum is the assumed value of 
an acre-foot of water at Hoover Dam, 
where the maximum generating head 
is 590 feet. The mean is an assumed 
value of an acre-foot of water, where 
the generating head is 71 ft; this head 
is obtained by averaging the structural 
height of 223 dams constructed by the 
Bureau of Reclamation as of 1954 (7) 
and by reducing the average structural 
height by 32 per cent, the average 
percentage difference between struc- 
tural height and maximum head for 
eighteen Bureau of Reclamation dams 
(8). It should be noted that, although 
it is possible to obtain a sizeable and 
fairly representative distribution of 
dam heights from reclamation data, 
only a few of the dams constructed by 
the bureau are power dams. 

The value of water as an agent of 
waste purification is essentially a func- 
tion of the alternative cost of waste 
disposal and treatment and the extent 
to which society will permit the receiv- 
ing water to become polluted. The 
data which exist with respect to the 
alternative cost of waste disposal and 
waste treatment are either incomplete or 
lacking in comparability ; for this rea- 
son, it is impossible to determine with 
a high degree of accuracy the actual 
cost distributions. For purposes of il- 
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lustration, however, it will be assumed 
that the alternative cost of waste dis- 
posal is 1 cent per day per population 
equivalent (it would not be difficult 
to find places where the cost is much 
higher). Under this assumption, the 
value of water as a waste disposal 
agent is a direct function of dilution. 
The maximum rate is based on the 
value of an acre-foot of diluting water 
flowing at the rate of 2 cfs per 1,000 
population. Babbitt has noted (9) 
that, between a minimum limit of 2 cfs 
and a maximum limit of 8 cfs of dilut- 
ing water per 1,000 population, the 
success of dilution is uncertain with 
respect to the prevention of a nuisance. 
The mean is figured as the value of 
an acre-foot of diluting water flowing 
at the rate of 8 cfs per 1,000 population. 

The value of water as an artery for 
commerce can be obtained by making 
suitable adjustments in the Corps of 
Engineers’ estimates of traffic savings 
on various waterways in 1953, multi- 
plying the adjusted savings by the 1951 
traffic and by dividing this product by 
the average flow at some point along 
the waterway. The Corps’ 1953 esti- 
mate of traffic savings is first adjusted 
for a 16.5 per cent rise in cost of trans- 
portation as measured between 1950 
and 1953 by the consumer price index 
and then reduced by 50 per cent to 
allow for a straight-line demand for 
navigation services (10). 

The maximum navigational value of 
an acre-foot of river water was com- 
puted in terms of the average discharge 
at Bellaire, Ohio, on the Ohio River, 
for the 11 years of record, 1942-52. 
This assumes an average flow of 41,990 
cfs, a traffic of 56,570,000 tons (the 
largest tonnage recorded for an indi- 
vidual waterway in 1951), and a traffic 
saving of $0.63 per ton. If the average 
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flow at Metropolis, Ill. (254,000 cfs, 
1921-45) which is located nearer the 
mouth of the Ohio River, is used in- 
stead of the flow at Bellaire, the value 


of navigational water falls from $1.17 - 


per acre-foot to $0.19; the value of 
navigational water on the Ohio is criti- 
cally dependent on the point at which 
stream discharge is measured. The 
mean value was computed from the 
navigational value of an acre-foot of 
Cumberland River water in terms of 
the average discharge at Smithville, 
Ky., 1921-45. Of the nineteen most 
important waterways in 1953, the 
Cumberland ranked tenth in terms of 
total tonnage transported. This as- 
sumed an average flow of 27,800 cfs, a 
traffic volume of 1,780,000 tons, and a 
saving per ton of $0.62. 

The value of an acre-foot of fishery 
water is conceived to be the commer- 
cial value of the yearly catch. While 
the theoretical value of the fish that 
could be obtained from an intensified 
pond culture overshadows even the 
highest price paid for irrigation water, 
the fact that pond culture is of little 
commercial importance in the United 
States raises doubts as to the relevance 
of theoretical values. In general, the 
value of inland fisheries per acre-foot 
of water is probably very low. The 
maximum rate assumes a production 
of 1 Ib of fish per day per acre-foot of 
water over a 150-day growing season. 
A growth rate approaching this order 
of magnitude has been noted in rela- 
tion to Minnesota sucker-rearing ponds 
by John Dobie (11). A dollar value 
for the fish produced is obtained by 
assigning the average price per pound 
($0.0708) received by United States 
and Alaskan fishermen in 1950. 

The mean is obtained by dividing 
into the value of the commercial fish 
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catch (12) from Lake Michigan in 
1950 ($3,661,209) the area of Lake 
Michigan (14,295,040 acres)times a 
depth factor of 10 ft. If the commer- 
cial value of the 1950 catch were di- 
vided by the true volume of Lake 
Michigan, the return per acre-foot of 
water would be quite small indeed, 
since the maximum depth is estimated 
to be 870 feet. Smith and Chapin 
(13) have noted, however, that plank- 
ton, the most important vegetation of 
the sea, can only live in depths down 
to about 250 ft. It is to be expected, 
therefore, that a large fraction of the 
total volume of Lake Michigan does 
not contribute much to total fish 
production. 


Considerations of Value 


In each category value is estimated 
at a point or within an area of con- 
sumptive use. It should be noted that 
the same water may be used for several 
simultaneous purposes, and hence the 
aggregate value of an acre-foot of 
water at any point of use is a sum of 
individual use values. Furthermore, 
to the extent that the water is returned 
to a stream or a natural reservoir, the 
same water may be used to generate 
values at other points of use. 

It must be emphasized that in each 
category the value of water as depicted 
in Fig. 1 is a gross value; it could not 
be collected as a net rent from water 
users, since other costs are incurred 
and included in the price people pay 
for the use of water. For municipal 
and industrial water, there are the 
costs of purification and distribution ; 
for irrigation, the costs of diversion 
and distribution; for power, the costs 
of generating and building a generat- 
ing head; for waste disposal, there are 
the social costs of polluted water which 
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are usually borne by other water users ; 
for navigation, the costs of constructing 
locks and dredging channels; and for 
commercial fisheries, there are the 
costs of maintaining the fish popula- 
tion and harvesting the commercial 
crop. In large measure, the value esti- 
mates in Fig. 1 reflect these other costs 
and do not represent the net value of 
water as a consumption good or a fac- 
tor of production. Not knowing ex- 
actly what the net value of water is, 
since in most instances there does not 
exist an active market in water rights 
alone, the best estimate of relative 
water values may well be either distri- 
butions of market prices paid for water 
at points of use or distributions of 
actual costs incurred in putting water 
to work. It should be borne in mind 
that a comparison of gross water val- 
ues is often inaccurate, since an arbi- 
trary decision to include or exclude a 
given cost element could affect relative 
values. 

An analysis of Fig. 1 reveals that 
of all the uses for water, domestic use 
is by far the most valuable ; industrial 
usage is relatively the next most valu- 
able use. A very large gap exists be- 
tween the value of domestic and indus- 
trial water and the value of water for 
the purposes of irrigation, power, and 
waste disposal. An extensive over- 
lapping of relative values exists with 
respect to the latter three usages. In 
general, the values generated by inland 
navigation and commercial fisheries are 
least important. 

In constructing Fig. 1, no attempt 
was made to assign a monetary value 
to recreational and aesthetic attributes 
of water. For some bodies of water, 
these attributes could conceivably over- 
shadow other usage values. Further- 
more, no attempt was made to isolate 
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the true value of water in the demand 
sense, where the quantity of water used 
for a particular purpose is a function 
of relative price, income, and other 
variables. Values in the demand sense 
can be thought of as the maximum 
amount people would be willing to 
pay for the use of water in any amount 
or direction rather than forego the 
amount or use entirely. 


Conclusion 


Some study has been made (14), 
and others are in the process of being 
made on various types of demands for 
water. The estimates in this article 
are presented in the hope of stimulat- 
ing thought and further work in the 
area of making value comparisons—an 
area which should not go undeveloped 
if conflicts in water usage are to be 
resolved in terms of what is optimal 
from the standpoint of the nation as a 
whole. 
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Correction 


The committee report “Trends in Air-Conditioning Use and Regulation” 
(January 1958 JourNat, Vol. 50, pp. 75-96) contained several editorial errors. 


On p. 77, in the tabular portion showing air conditioning installed in some major 
cities, symbols designating footnotes should be an asterisk (*) and a dagger 
(+)—in that order—rather than the dagger and double dagger ({) shown. The 
reference to “Table 12” in col. 1, p. 81, should read “Table 9.” In Table 5 on 
p. 82, in col. 1, line 21, the first parenthesis should precede the word “non- 
conserved” rather than “use,” to give “5 ton or over (nonconserved use in 14 
ton or less prohibited).” In the italic portion of Fig. 2 on p. 83, the phrase 
“tonnages shown or greater” should read “tonnages greater than figures shown.” 
In Table 7 on p. 84, the last entry in col. 2 should be “11,” not “9”—as shown— 
and, similarly, the last entry in the “Per Cent of Total” column should read 
“18.7,” not “15.3.” In the same table, the footnote symbol (§) should follow 
the entry “Miscellaneous” at the bottom of the first column. 


Irrigation Use of Water 


Luther B. Bohanan 
A paper presented on Nov. 1, 1957, at the Chesapeake Section Meet- 


ing, Washington, D.C., by Luther B. Bohanan, Agricultural Econo- 
mist, formerly with Washington Dist., US Army Corps of Engrs., 


Washington, D.C. 


ITH the development of light- 
weight, fast-coupling sprinkling 
equipment, the practice of irrigation 
has become relatively widespread in the 
humid agricultural area. Thus, as 
more areas are brought under irriga- 
tion, the subject of irrigation water use 
is becoming increasingly more impor- 
tant. In light of these developments, 
this article discusses some of the criti- 
cal aspects of irrigation water use. 

Broadly speaking, the problems as- 
sociated with irrigation water use can 
be grouped under two headings, tech- 
nological problems and_ institutional 
problems. The technological problems 
are those associated with or have their 
origin in natural-science data, while the 
institutional problems are those that 
have their origin or are associated with 
social-science data. 

There are many technological prob- 
lems associated with irrigation water 
use, among them being water require- 
ments for optimum plant growth, mois- 
ture deficiencies, available soil mois- 
ture, design and operation of the irri- 
gation systems, timing and frequency 
of irrigation, depth of irrigation appli- 
cation, amount and manner of fertilizer 
application, and pest control. This ar- 
ticle, however, will be limited to a 
consideration of the determination of 
water requirements for irrigation. 

In planning for a supply of water to 
meet the total demands for water for 
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irrigation, it makes little difference 
whether the planner is considering a 
water supply for an individual farm or 
for some larger areas, as the factors to 
be considered will be the same in both 
instances. The planning for an indi- 
vidua! farm, however, may be done 
with considerably more accuracy. In 
this article, attention will be centered 
more toward the planning of a water 
supply on a watershed basis rather 
than for an individual farm. 


Optimum Plant Growth 


In planning for a water supply for 
irrigation, it is necessary to have a 
knowledge of the water requirement 
for optimum plant growth. Plant and 
soil scientists have been studying this 
problem for many years. Although no 
exact method has been developed, a 
number of methods have been devised 
which give reasonably satisfactory re- 
sults. Among the methods developed 
so far, the evapotranspiration, or con- 
sumptive use, method has had the most 
widespread use or application. By this 
method, it is possible to estimate the 
amount of water which will be lost 
from the soil by direct evaporation and 
by transpiration of plants through the 
process of photosynthesis. 

Evapotranspiration is determined by 
many factors such as temperature, hu- 
midity, windspeed, precipitation, and 
radiation. From these data, it is pos- 
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sible to compute daily evapotranspira- 
tion rates, but this is a time-consuming 
process and very few weather stations 
record all these data. A relatively sim- 
ple method for calculating a monthly 
evapotranspiration or water require- 
ment for plants has been developed by 
Blaney and Criddle (1). Disregarding 
all other factors, according to this 
method, consumptive use or evapo- 
transpiration varies with the tempera- 
ture and daytime hours. Their for- 
mula for obtaining a monthly evapo- 
transpiration rate is U = KPT/100, 
where U is the monthly consumptive 
use in inches (for evaporation and 
transpiration) ; K, the crop use coef- 


TABLE 1 


Evapotrans piration Rates, May—September, 
for Westernport, Md.* 


U =KPT 
Month} T P \TXP| K 
Monthly | Daily 
in, in, 
May | 62.1 |0,0997/ 6.19 08 4.96 0.16 
Jun. 69.6 | 0.1002) 6.97 0.8 5.70 0.19 
Jul. 73.5 |0.1016)| 7.47 0.8 5.89 0.19 
Aug. 72.0 | 0.0951) 6.85 08 5.58 0.18 
Sep. 66.7 | 0.0838 | 5.59 0.8 4.50 0.15 


* See text for explanation of symbols. 


ficient ; P, the monthly fraction of day- 
time hours of the year; and T, the 
mean monthly temperature (Fahren- 
heit). 

By using this formula, an evapo- 
transpiration rate can be calculated for 
any area. Using Westernport, Md., 
as an example, Table 1 shows how the 
formula can be applied. When the 
monthly requirements are added, this 
gives a total of 26.46 in. of water which 
will be needed in the Westernport, 
Md., area to meet moisture require- 
ments for optimum plant growth for 
the growing season from May 1 to Sep- 
tember 30. 
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With the evapotranspiration rates, it 
is possible to compute a daily soil mois- 
ture balance and, thereby, determine 
the amount of water needed to supple- 
ment rainfall to maintain optimum 
growth for any period of time. The 
computation of such water require- 
ments is predicated on the assumption 
that there is a basic amount of soil 
moisture available in the root zone at 
the beginning of the growing season. 
It is generally assumed that the base 
amounts of available soil moisture in 
the root zone range from 1 to 5 in., 
depending upon the type of soil. 

The computation of a moisture bal- 
ance is based on the principle that the 
moisture content of the root zone at a 
given time equals that at a previous 
time plus the difference between in- 
come (precipitation) and outgo (evapo- 
transpiration) over the period elapsed. 
Thus, by successively adding daily pre- 
cipitation to and subiracting daily 
losses (evapotranspiration) from the 
base amount, the moisture balance can 
be estimated successively for each day 
for as much as a month or a complete 
growing season. 


Total Water Requirements 


Using the method outlined above, 
moisture deficiency from the viewpoint 
of planning a water supply for irriga- 
tion can be predicated on a probability 
analysis of the frequency of drought 
occurrence or on the basis of maximum 
drought of record. 

Using the maximum drought of rec- 
ord as the design criterion, it is pos- 
sible to estimate total water require- 
ments for irrigation. Besides the cri- 
terion of maximum drought of record, 
other assumptions have to be made. 
First, the crops to be irrigated will be 
corn, hay, pasture, and orchards; and 
all crops will be irrigated to depth of 
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TABLE 2 


Water Required for Irrigation, Based on Maxi- 
mum Drought of Record, Westernport, Md. 


Irrigation 
Water 


Moisture 
Required* 


Require- | Deficiency 
ment (1930) 
in, in, 


Water 


in, acre-ft 


0.03 
0.27 
0.46 
0.40 
0.41 


0.22 
2.35 
3.87 
3.33 
3.44 


0.31 
3.36 
5.53 
4.76 
4.91 


May 

June 

July 
August 
September 


4.96 
5.70 
5.89 
5.50 
4.50 


Total 26.63 13.21 | 18.87 | 1.57 


* Based on 70 per cent efficiency of the irrigation 


24 in. Secondly, there will be 3 in. of 
available soil moisture to a depth of 
24 in. at the beginning of the growing 
season. Third, the growing season 
will be from May 1 through Septem- 
ber 3. 

Using these criteria, the total water 
requirements for the Westernport, Md., 
area are set forth in Table 2. Taking 
into consideration that an irrigation 
system will operate at 70 per cent ef- 
ficiency, irrigation requirements to 
make up deficiencies are 1.57 acre-ft 
for the growing season of May 1-—Sep- 
tember 30. This is based on the mois- 
ture deficiencies of the 1930 drought. 

Once water requirements per acre- 
foot have been determined, it is a rela- 
tively simple matter to get gross water 
requirements for the total acres to be 
irrigated. 

There are still a number of techno- 
logical problems associated with irri- 
gation, including the correct time of 
the application and the improvement of 
efficiency of the system. As time 
passes, it is expected that these prob- 
lems will be solved, thereby making 
possible a greater expansion of irri- 
gation water use. 
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Increase in Irrigation 

If realistic plans are to be made to 
provide water for irrigation, attention 
will have to be given to the growth of 
the number of acres under irrigation. 

As with a great many phenomena, 
the available data for estimating the 
growth of irrigation are rather meager, 
particularly for humid areas. The US 
Bureau of the Census has been collect- 
ing data on various facets of irrigation 
since 1890 for the western states, but 
has obtained data for all the humid 
states only since 1935 on a state basis. 
For data on a county basis (which 
could be converted to a small water- 
shed basis), the Bureau of Census has 
obtained irrigation data for only the 
1950 and 1954 censuses of agriculture. 
Thus, estimating the growth of irriga- 
tion from such meager data is a rather 
hazardous operation. This discussion 
of the growth of irrigation will be con- 
fined to 28 of the humid states, exclud- 
ing Arkansas, Florida, and Louisiana. 

In the period 1949-54, the land 
under irrigation in the 28 humid states 
increased by 435,292 acres, while in 
the entire United States it increased 
by 3,764,700 acres (Table 3). 

As both cropland and pasture land 
are irrigated, the source of future acres 
to be irrigated would come from these 
categories of land use. Since there is 
great difficulty in getting comparability 
of data for all areas, due to differences 
in the agriculture of the humid states 


TABLE 3 
Land Under Irrigation* 


Irrigated Land—acres 
Increase 
acres 


Area 


1949 1954 


$87,878 | 435,292 
29,552,155 | 3,764,700 


28 humid states 
United States 


152,586 
25,789,453 


* Source: Census of Agriculture, 1954. 
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as contrasted to the arid states, it seems 
best to study the growth of irrigation 
as it relates to cropland harvested and 
cropland used only for pasture. 

The method for estimating the num- 
ber of acres under irrigation was de- 
veloped empirically. When the data 
for total acres irrigated in the United 
States for the period 1900-54 were 
plotted on log-log paper, the results 
gave essentially a straight line. This 
indicates that irrigation in the entire 
United States for this period increased 
at an increasing rate. As for the 28 
humid states, it is assumed that irri- 
gation will develop in a similar manner 
to that for the United States—that is, 
irrigation in these states would increase 
at an increasing rate. 

The basic data for which an average 
annual rate of growth was determined 
are given in Table 4. From these data, 
it was found that, during the period 
1949-54, the number of acres under 
irrigation in the 28 humid states in- 
creased at an average annual rate of 
0.04 per cent of the total specified 
cropland, while in the United States, 
the rate of increase was 0.18 per cent. 

Since the assumption is that irriga- 
tion will increase at an increasing rate, 
a further assumption is added to the 
effect that the incremental change in 
the rate of increase for the 28 humid 
states will be such as to be equivalent 


TABLE 4 
Rate of Increase in Irrigation, 1949-54 
Bate of 
Increase ncrease 
Specified 
Area in Land Cropland* 
Irrigated 
acres Total | Avg 
per cent| per cent 
28 humid 435,292 | 208,039,591) 0.2092) 0.0418 
states 
United States | 3,764,700 | 399,808,371) 0.9416) 0.1882 


* Harvested land and land used only for pasture. 
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TABLE 5 


Estimated Land Under Irrigation in 
28 Humid States, 1960-2000 


Year Acres Irrigated 
1960 1,059,410 
1970 2,442,472 
1980 5,762,415 
1990 7,175,774 
2000 10,962,095 


to the rate of increase in the entire 
United States. This gives an incre- 
mental change in the rate of increase 
of 0.003 per cent. 

With the basic data of an average 
annual rate of increase of 0.04 per cent 
and an incrementai change in the rate 
of increase of 0.003 per cent, the num- 
ber of acres under irrigation was esti- 
mated by use of the following formula : 


N=Y ty) n+n, 


where N is the number of acres under 
irrigation; Y, the number of years 
from 1954; a, the annual rate of in- 
crease as of 1954; y, the incremental 
change in rate of increase from 1954; 
n, the number of acres of cropland har- 
vested and cropland used only for pas- 
ture in 1954; and m,, the number of 
acres irrigated in 1954. 

Using the above rates of growth in 
the formula and the amount of crop- 
land harvested and used only for pas- 
ture in 1954 as the starting point, the 
number of acres under irrigation at 
future specified dates is given in Table 
5. According to these estimates, there 
would be approximately 11,000,000 
acres under irrigation in these states 
by 2000. 

Inasmuch as irrigation is a com- 
pletely consumptive use of water, it 
can be seen readily that tremendous 
amounts of water will be needed to 
meet future irrigation requirements if 
these projected growth rates materialize. 
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Institutional Problems 


As used in this article, an institu- 
tional problem is one that arises from 
the inefficient functioning of a behavior 
pattern. The behavior patterns re- 
ferred to in this article are the habits, 
customs, and laws that relate to the 
use of water. The doctrine of riparian 
rights is the best example of a be- 
havior pattern affecting water use. 
Simply stated, the doctrine of riparian 
rights means that every landowner 
who owns land adjacent to a natural 
stream or body of water is entitled to 
the flow of that body of water, un- 
diminished in quantity and undiluted 
in quality. This places a considerable 
legal hazard on a person who wants 
to make a consumptive use of water. 

What is needed is a method or sys- 
tem that will encourage beneficial use 
of water and protection for individuals 
who are making such a beneficial use. 
This will require considerable over- 
hauling of laws and customs. 

If everybody’s needs were to be met, 
it would require the establishment of 
priorities and permits. Furthermore, 
it would require more than a piecemeal 
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approach to water resource use and 
development. If water requirements 
were to be met for an expanding popu- 
lation for domestic household purposes, 
commercial and industrial purposes, 
recreation, and irrigation, that would 
call for the development of a compre- 
hensive approach. The best answer 
seems to be in the direction of a river 
basin approach. Although planning on 
a small watershed basis may be suf- 
ficient to solve local problems, it does 
not solve the problem for those further 
downstream. 

If water requirements were to be 
met for all manifold purposes for which 
there is need, this would mean a multi- 
purpose approach to water resource 
development—in other words, a pro- 
gram for the development, conserva- 
tion, and use of every drop of water 
that enters any given area. 2 
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Irrigation in the Midwest 
Excerpt From ‘Business Conditions’ 


A condensation of an article which appeared in the December 1956 
issue of Business Conditions, published by the Federal Reserve Bank 


of Chicago, Chicago, IIl. 


RTIFICIAL watering of growing 

crops traces back through an- 
tiquity to the transition of mankind 
from pastoral societies to agrarian cul- 
tures. The ancient pyramids of Egypt, 
for example, were erected by workers 
fed through the use of a crude type 
of irrigation. 

A farm equipment trade publication 
has estimated that by 1960 a total of 
400,000 farms in the United States will 
be irrigating 40,000,000 acres, about 
10 per cent of the cropland. In 1954, 
some 300,000 farms irrigated less than 
30,000,000 acres. This projected in- 
crease would require the investment of 
something like $500,000,000 in new 
capital, most of it for sprinkler irriga- 
tion equipment. Although the above 
projection may be overly optimistic, it 
nevertheless indicates the potentiaiities 
that this development may contain. 

Although east of the Great Plains 
average annual precipitation is suffi- 
cient for most temperate zone crops, 
the moisture supply varies considerably 
from year to year, as does its distribu- 
tion within the year. Hence, even in 
humid areas natural precipitation does 
not guarantee a fully adequate moisture 
supply throughout a crop’s entire grow- 
ing season. This can cut the yield sub- 
stantially, especially if the water de- 
ficiency occurs at critical stages in the 
plant’s development. Consequently, the 
output of many crops can be raised 
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considerably by irrigation, even in hu- 
mid areas. 

Artificial watering on a commercial 
scale is a rather expensive practice. 
Installation of the equipment requires 
a large investment outlay, and annual 
costs of operating the equipment are 
high. For this reason, in the eastern 
half of the United States—where irri- 
gation is not subsidized by government- 
developed water supplies—the usage 
gained its first footholds in areas spe- 
cializing in the commercial production 
of vegetables, because these return a 
high value of output per acre and are 
especially sensitive to a steady supply 
of moisture. 

In this part of the country, the water 
is typically applied by sprinklers— 
large-size relatives of the type com- 
monly seen watering lawns. The wa- 
ter is obtained from wells, streams, or 
ponds, and is pumped to the sprinklers 
through portable pipes. Where a con- 
siderable area is involved, the appara- 
tus is moved around the field in order 
to supply moisture to all parts of it. 
Obviously, the development of light- 
weight aluminum pipe has been a boon 
to this activity. 


Increase in Irrigation 

In 1954, according to the Bureau of 
the Census, a total of 2,600,000 acres 
of farmland was irrigated in the 31 
states east of the Great Plains, that is, 
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east of a line from North Dakota to 
Texas. Although ten times as many 
acres were irrigated in the West, the 
total in the humid region represented 
a jump of 73 per cent during the pre- 
vious 5 years, compared with an in- 
crease of only 10 per cent in the West. 
In the humid area, very large percent- 
age gains were scored by a number of 
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Fig. 1. Irrigated Acreage in 
District States 


Land under irrigation in the area covered 

by the Seventh Federal Reserve District 

has expanded rapidly since 1939 in all 
states except Iowa. 


states along the Atlantic seaboard and 
in the Appalachian and Delta regions, 
as well as in the corn belt states of 
Missouri, Ohio, and Illinois. 

Irrigated acreage in Illinois leaped 
from 1,510 acres in 1949 to 6,789 in 
1954. (Total cropland harvested in 
Illinois comes to about 20 million 
acres.) Several other states in the 
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Seventh Federal Reserve District * had 
earlier experience with the practice. 
Michigan and Wisconsin had significant 
amounts of irrigated acreage.already in 
1949 (Fig. 1). Nevertheless, those 
acreages nearly doubled in the succeed- 
ing 5 years, with most of the increase 
occurring on fruit and vegetable farms, 
the types that previously had accounted 
for most of the irrigation in that re- 
gion. In Illinois, Indiana, and Iowa 
most of the gain in sprinkled acreage 
occurred on cash grain (primarily 
corn) farms, although Indiana also 
showed a significant addition on grain 
and meat animal farms. 

Irrigation in the Seventh District is 
not primarily a small farm phenome- 
non. In both 1949 and 1954 the bulk 
of the sprinkled acreage was found on 
farms exceeding 219 acres in size (Ta- 
ble 1). The largest percentage in- 
crease between those two dates, 
however, occurred on farms in the 99- 
219-acre category, which includes the 
majority of district farms. 


Irrigation of Corn 


A considerable amount of experience 
has now accumulated concerning the 
irrigation of corn in the Midwest. 
Purdue University specialists report 
that irrigation doubles and triples corn 
yields in some sections of Indiana. A 
3-year test in northern Illinois showed 
an average corn yield of 144 bu per 
acre on sprinkled land against a 50-bu 
yield on nonirrigated soil. In a 4-year 
Wisconsin test, nonirrigated corn aver- 
aged 45 bu per acre whereas full irriga- 
tion plus heavy fertilization boosted the 
yield to 96 bu. Tests by Iowa State 
College on heavy Iowa soils in 1955 


* The Seventh District covers all of Iowa, 
major portions of Illinois, Indiana, and Mich- 
igan, and approximately one-half of Wis- 
consin,. 
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showed an average gain of 40 bu per 
acre due to irrigation. 

These tests were conducted for pe- 
riods of only 1-4 years, whereas a 
longer span of time would be desirable 
for conclusive results. An Iowa study 
of rainfall records has disclosed, how- 
ever, that, on the average, there were 
more than three dry periods in June, 
July, and August each year during the 
past 20 years at Ames. A dry period 
was defined as ten or more consecutive 
days during which there was no more 
than } in. of precipitation on any day. 
“Every year in the past 20 had at least 
one period of 13 days or more with 


TABLE 1 


Irrigated Acreage in Seventh Federal 
Reserve District 


Acres Irrigated 
Size of Farm Total Crop 
Acres Acres, 1954 
1949 1954 
100 or less 7,067 | 11,251 7,438,963 
100-219 5,065 | 12,497 | 30,036,641 
Over 219 20,531 | 38,847 | 34,360,277 
Total 32,663 | 62,595 | 71,835,881 


Source: US Bureau of the Census. 


no effective rainfall; sometimes these 
periods last 20 days or longer.” 

This state study suggests that irri- 
gation of corn might be warranted 
merely from the standpoint of supply- 
ing supplemental moisture during dry 
spells. An important additional ad- 
vantage of artificial watering, however, 
lies in the fact that it permits other 
changes in crop production practices. 
For example, it has been known that 
highest corn yields can be obtained 
from good soils if heavy applications 
of fertilizer are used along with dense 
stands of plants—that is, more than 
15,000 per acre. Moisture deficiency 
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can sharply reduce the effectiveness of 
fertilizer, however, and dense stands 
may actually reduce yields in dry years. 
The sheer threat of inadequate water— 
that is, the mere uncertainty connected 
with lack of irrigation—undoubtedly 
has held planting and fertility practices 
below optimum levels. Several observ- 
ers report that installation of irrigation 
equipment usually should be accom- 
panied by a 50-100 per cent boost in 
fertilizer application in order to utilize 
soil potentialities most fully. “For best 
results, fertility, water, and plants per 
acre should all be high.” 


Costs 


In view of the results obtained 
through irrigation, it may seem sur- 
prising that the practice is not already 
more widespread in the Midwest. Un- 
doubtedly, part of the explanation is 
provided by the cost of the necessary 
equipment. Pump, pipe, and sprink- 
lers cost from $40-$80 per acre irri- 
gated, depending on the location of the 
water supply, the layout of the fields, 
and the farmer’s taste in machinery. 

The cost of obtaining the water sup- 
ply is even more variable. Irrigation 
requires a lot of water; almost 30,000 
gal are needed to cover | acre with 1 
in. of water. Sprinkler systems in this 
region vary considerably in capacity, 
squirting from 200 gpm to 1,500 gpm. 
At the rate of 500 gpm it takes about 
1 hr actual sprinkling time to cover 
an acre with 1 in. of water. 

Sometimes the water is secured from 
streams that flow throughout the year, 
and sometimes small reservoirs are 
constructed to impound surface runoff 
in rainy seasons. Frequently, shallow 
wells or sump holes are dug near 
creeks to utilize both surface runoff 
and underground water. Where the 


flow from these holes is small, the 
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water is pumped into reservoirs over 
a period of time, with the supply being 
drawn down when irrigation is neces- 
sary. Other systems rely exclusively 
on underground water, although some 
of them also utilize small reservoirs 
for storage. 

Most of the Seventh District is 
underlaid by water-bearing strata 
yielding more than 50 gpm to individ- 
ual wells of suitable depth and dimen- 
sions. Moreover, the ground water 
level is close to the surface in the 
Midwest compared with the West, 
where deep wells are also used to some 
extent to provide irrigation water. 
Some Midwest farms have under- 
ground supplies capable of yielding 
more than 800 gpm from a single well. 
It is the judgment of authorities that 
irrigation as currently practiced in the 
Midwest is feasible for a high percent- 
age of farms in this region. 

If the required water can be secured 
from a stream, pond, or shallow well, 
the cost of securing the supply may 
be relatively low. The cost, however, 
mounts rapidly if a deep well with a 
wide bore, sometimes up to 3 ft in 
diameter and several hundred feet 
deep, is required. A deep well may 
cost $5,000 or more. It behooves a 
farmer to seek technical advice before 
having such a hole drilled; its particu- 
lar location can make a lot of difference 
in the cost. Also, the water laws 
should be investigated before a large 
investment is made in an irrigation 
system. Although these laws are quite 
indefinite in most Midwest states, in 
general they prohibit one user from 
interfering with normal uses of other 
users. 

Complete sprinkler systems—water 
supply plus distributing equipment— 
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require an investment of from $40 to 
$200 per acre, with the average around 
$90 in the Midwest, according to one 
company which fabricates and installs 
the equipment. 

Various authorities are pretty well 
agreed on the annual cost of operating 
a sprinkler system. Iowa State Col- 
lege places the figure between $20 and 
$30 per acre. A company that sells 
the apparatus estimates average an- 
nual cost per acre for a typical instal- 
lation in this region as follows: 


Annual Cost 

Item per Acre 

Interest $ 4.50 
Insurance and taxes 0.45 
Depreciation 6.00 
Electric energy for power 4.00 
Labor 8.00 
Maintenance 3.00 
Total $25.95 


Although such an addition to pro- 
duction costs is sizable indeed, the 
profitability of installing a system must 
be appraised in view of the additional 
output and revenue that can be ob- 
tained through use of the practice. 
Assuming that over a number of years 
corn yields can be boosted an average 
of 40 bu per acre (using the figure 
reported in the Iowa test results) and 
further assuming that the corn can be 
sold for an average price of $1 per 
bushel, the additional revenue pro- 
duced by the innovation would amount 
to $40 per acre, $24 in excess of the 
added cost. Under these circum- 
stances, the investment would pay for 
itself in 4 years. This probably ex- 
plains why the use of irrigation is ex- 
panding rapidly in the Midwest despite 
the large investment and high annual 
operating cost associated with it. 
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Progress in Conversion of Saline Water 


Everett D. Howe 
A paper presented on Oct. 30, 1957, at the California Section Meeting, 


San Jose, Calif., by Everett D. Howe, Prof. of Mech. Eng., Univ. of 


Calif., Berkeley, Calif. 


E production of fresh water from 
saline water has now been under 
intensive study in the United States 
for a little more than 5 years. During 
this period, investigations of many dif- 
ferent phenomena have been under- 
taken, some abandoned as not suffi- 
ciently promising, some carried to the 
pilot plant stage, and several schemes 
studied in the laboratory only. 


Critical Factors 


The two critical factors which limit 
the applicability of any desalting proc- 
ess are the cost of the water produced 
and the amount of fuel or power re- 
quired. The latter is mentioned sepa- 
rately because inroads on fuel re- 
sources could become very serious even 
though fuel costs, as such, might not 
be too great. The general goal in costs 
is $100 per acre-ft (or 30 cents per 
1,000 gal) which would make demin- 
eralized water competitive in price with 
certain natural water supplies for do- 
mestic uses. The goal for fuel used 
is the heat equivalent of the ideal mini- 
mum power reqnirement—approxi- 
mately 3 kwhr per 1,000 gal of fresh 
writer produced. 

The abovementioned ideal minimum 
power consumption is derived from the 
laws of thermodynamics and assumes 
that a separatory device is possible in 
which all processes are thermodynami- 
cally reversible; the temperatures of 
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the product water, waste brine, and in- 
coming sea water are equal, and only 
a small amount of fresh water is ob- 
tained from a very large quantity of sea 
water. The deviation in the actual 
devices from these ideal conditions pro- 
duces thermodynamic losses and re- 
sults in increased power demands. 
The degree to which any device can 
approach the ideal minimum power 
consumption is uncertain because the 
most economical mechanically operated 
device presently developed—the vapor 
compression distiller—requires a power 
input greater than 50 hr, or at least 
seventeen times the ideal minimum. 
It is generally believed that an ap- 
proach factor of ten or less should be 
possible. Further discussion of the 
thermodynamic reasoning may be 
found in articles by Murphy (1), Gil- 
liland (2), and Tribus (3). 


Research Program 

The research program at the Uni- 
versity of California (4) has been under 
way since early 1952. Investigations 
undertaken first at the Berkeley cam- 
pus were those of the use of waste heat 
in multieffect distillers, the use of solar 
heat, and the low temperature differ- 
ence scheme for combined power gen- 
eration and distillation. More re- 
cently, the use of reversed osmosis and 
the application of ion exchange to the 
problem have been under study. At 
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the Los Angeles campus, there is under 
study the use of distillation by pres- 
sure alone, a study of skimming proc- 
esses, and a thermodynamic analysis 
of each of the other investigations. 
As may be inferred from the above 
list, the greatest share of attention at 
Berkeley has been given to those meth- 
ods using heat from nonfuel sources— 
namely, waste heat and solar heat, the 
latter being available directly or from 
water warmed in the ocean. The most 


Fig. 1. Low Temperature Difference Plant 
at Richmond, Calif. 


Dome-shaped evaporator has a 12-ft 
diameter. 


obvious source of waste heat is that 
from processing plants and from inter- 
nal combustion engines and compres- 
sors. This heat is available at tem- 
peratures ranging from a low of about 
90°F for some oil refineries to a high 
of about 300°F from the exhaust jack- 
ets of diesel engines. Heat at the 
higher temperatures can obviously be 
used in conventional multieffect dis- 
tillers. There are, however, consider- 
able quantities of heat available at 
temperatures too low to be of use in 
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multieffect plants and for this purpose 
the low temperature difference method 
seems appropriate. 


Low Temperature Difference 

The low temperature difference 
method consists of vapor production 
by vacuum flash of warm water fol- 
lowed by condensation in a surface 
condenser where heat is absorbed by 
cold water. A turbine wheel can be 
placed between the evaporator and 
condenser when the temperature dif- 
ference between the incoming warm 
water and cold water supplies is 30°F 
or more. This turbine wheel can be 
expected to produce enough power to 
operate the plant at a large scale. 

Two series of tests using this scheme 
have been run, the first carried out 
with heat exchangers which were avail- 
able but not well matched and the sec- 
ond using a plant designed for the 
purpose. The second plant consists of 
a dome-shaped evaporator (Fig. 1) 
with a 12-ft diameter, a turbine wheel 
located in the downcomer pipe, and a 
surface condenser located below the 
evaporator. The plant was designed 
around the turbine wheel which had 
been taken from a turbosupercharger 
obtained from surplus military stocks. 
Warm water was supplied from a large 
storage tank to which gas-fired circu- 
lating heaters were connected. Cold 
water was supplied from a cooling 
tower. The first series of tests yielded 
information used in the design of the 
second plant which is being used to 
explore ways and means of preventing 
the carryover into the condenser of 
dissolved air and liquid droplets—the 
two phenomena which limit the capac- 
ity of the plant. So far, the maximum 
operating rate without appreciable 
carryover of liquid is about 2,000 gpd 
(5). It is expected that this rating 
can be increased considerably through 
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the use of baffles and appropriate noz- 
zles for control of the liquid carry- 
over. Estimated production costs with 
this equipment are approximately 
$100 per acre-ft when temperature dif- 
ferences of 30 F° exist, and about $170 
per acre-ft when temperature differ- 
ences are only 15°F. 


Solar Distillation 


Solar distillation seems attractive be- 
cause solar energy is presumed to be 
free. Research at Berkeley (6) has 


SALINE WATER CONVERSION 


Fig. 2. Experimental Solar Distiller Units 
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of several units of this type, 4 x 50 ft, 
have disclosed that 8-10 sq ft of tray 
surface are required to produce an 
average of 1 gpd throughout the year. 
This production rate corresponds to a 
utilization of about 40 per cent of the 
incident solar energy. Costs of pro- 
duction with these units are uncertain 
because of the unknown useful life of 
the equipment and the variabie prices 
of land. Experience with the plant at 
the University of California engineer- 
ing field station at Richmond (Fig. 


Units, at University of California field station at Richmond, Calif., employ flat-plate 


been concerned with the study of de- 
vices using flat-plate collectors without 
concentration of the sun’s rays by 
lenses or mirrors. The simplest device 
is the insulated wooden tray covered 
with sloping panes of glass. The 
“greenhouse effect” causes the tem- 
perature in the interior to rise as high 
as 150°F during the middle of the day. 
The glass cover is cooled on the out- 
side by radiation to the sky and by 
wind motion, and this coolness causes 
the condensation of the humidity from 
the air on the inside of the glass. Tests 


collectors. 


2) indicates a cost of about $550 per 
acre-ft for operation, maintenance, and 
capital charges on the equipment with- 
out the land. Obviously the major 
component of cost is the capital costs 
item, so that efforts are currently being 
directed toward cheaper construction. 


Osmosis 


A third project active at Berkeley 
is an attempt to use the phenomenon 
of osmosis. Osmosis is the tendency 
for pure water to pass through a semi- 
permeable membrane from a more di- 


by 
Yi fe 
AY 


322 


lute solution to a more concentrated 
one, the membrane forming a barrier 
between the two solutions. The tend- 
ency for flow to occur as indicated is 
proportional to the difference in con- 
centration between the two solutions 
and is measurable as a pressure differ- 
ence. The flow may be stopped by im- 
posing a pressure differential in the 
reverse direction, and if a sufficiently 
high differential is imposed the flow 
can be reversed—that is, the water 
component of the more concentrated 
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psi. Pores sufficiently small to serve 
the purpose have been sought in sheet 
plastics such as cellophane. Experi- 
menters in this area have encountered 
considerable difficulty in supporting 
the membranes against the high pres- 
sures mentioned. 


Capillary Filters 


Research work at Berkeley has in- 
volved the development of “capillary 
subultra filters” (7). These are bun- 
dles of parallel synthetic fibers squeezed 
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Fig. 3. Cost Comparison of Various Methods and Plants 


Production is expressed in fractions of acre-feet obtainable at a cost of $100. Goal is 
1 acre-ft per $100. The Kuwait plant is a 4-effect installation; that at Morro Bay, 
3 effect; and Aruba, 6 effect. 


solution will be forced through the 
membrane into the more dilute solu- 
tion. This latter process is the one 
used in demineralizing sea water and 
is called reversed osmosis. The re- 
versed osmosis scheme may also be 
thought of as a sieving operation, in 
which high pressures force the water 
from a solution through holes which 
are too small to permit the passage of 
the dissolved salt ions. Pressures suf- 
ficient to cause this type of separation 
in sea water are in excess of 400 


tightly together so that the capillary 
passages along the fibers are smaller 
than the ions to be screened out. This 
type of filter unit has also been made 
of stacks of “washers” made of thin 
sheet plastic with flow between the 
washers in a radial direction. Both of 
these constructions give passages of 
uniform size. Preliminary results 
available at the present give promise 
that these filters will function well as 
high-strength osmotic membranes. No 
cost estimates for water produced by 
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use of this phenomenon have been 
made. 


Pressure Distillation 


Hassler (8) has proposed a use of 
“distillation by pressure alone” which 
is closely related to osmosis. It is 
known that the vapor pressure in equi- 
librium with small drops increases as 
the drop becomes smaller because of 
the effect of the surface tension of the 
liquid on the pressure inside of the 
drop. By producing half-drops in the 
very small pores of a plastic membrane 
by pressure behind the membrane, it is 
possible to produce water vapor on the 
“dry” side of the membrane. If then 
two such membranes with different 
pressures behind them are placed par- 
allel and a very small distance apart 
with air between, there will be an 
evaporation of water from the smaller 
half-drops and a condensation of the 
vapor on the larger half-drops. These 
changes of phase will necessarily be 
accompanied by the transfer of latent 
heat across the air gap by conduction 
through the air. The air gaps con- 
templated are of the order of 0.001 in. 
Although the principle has been dem- 
onstrated successfully, attempts to con- 
struct membrane systems with the re- 
quired gap have not been successful. 


Ion Exchange 

Another project currently under 
way at Berkeley is the attempt to use 
ion-exchange materials which can be 
generated with heat rather than chemi- 
cals. This method was suggested by 
Gilliland (2). The investigation was 


undertaken with the idea of using solar 
heat for the regeneration process. The 
general scheme is to use a synthetic 
exchange material which can be regen- 
erated with a solution of ammonium 
bicarbonate. 


When sea water passes 
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through a bed of material so regener- 
ated, it exchanges its various dissolved 
ions for the ammonium bicarbonate. 
The effluent from the exchange bed is 
then pure water charged with the lat- 
ter chemical. This material is then 
driven out of the water by heat as am- 
monia gas and carbon dioxide gas. 
These gases are collected, redissolved, 
and used to regenerate the exchanger 
bed. 

Work so far on this scheme has con- 
sisted of the selection of some of the 
standard exchange materials which can 
be used with the ammonia salt and the 
determination of the number of ex- 
changer beds in series necessary for 
the complete demineralizing of sea 
water. Results so far have disclosed 
at least one exchange material which 
is suitable and have indicated that five 
or six stages of ion-exchange beds 
should be used, with stripping of the 
gases following each stage. A prelimi- 
nary design has been made and indi- 
cates very low heat requirements, as 
well as low overall costs at about 
$180 per acre-ft. The latter figures are 
uncertain because of a lack of informa- 
tion on the useful life of the exchange 
materials as well as the very difficult 
problem of construction materials. It 
is noted that metals suitable for contact 
with sea water are not suited for con- 
tact with ammonia and vice versa. 


Costs 


In considering the potentialities of 
various schemes for demineralizing sea 
water, it is well to note the several 
large plants already in use and to com- 
pare the costs of these with price and 
fuel economy goals already mentioned. 
Cost figures are available for three 
large plants (9) at Morro Bay, Calif., 
Aruba, in the Netherlands West In- 
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dies, and Kuwait, on the Arabian Pen- 
insula. These are given in Table 1. 
Also given in the references cited are 
figures from which one can deduce the 
fuel economy in terms of a fuel oil with 
a heating value of 18,500 Btu/Ib. Fig- 
ure 3 shows the relative costs of water 
produced in these plants as well as 
projected costs of some of the undevel- 
oped schemes—all expressed in terms 
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Figure 4 shows the relative fuel 
economies in terms of the ratio of fresh 
water produced to the oil fuel used. 
An estimate has been made of the fuel 
required by an eleven-effect distilla- 
tion plant and these data included for 
comparison. Solar distillation and the 
low temperature difference plant are 
not included on this chart because no 
fuel is presumed to be involved. The 
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Fig. 4. Fuel Economy Comparison 


Water production per pound of fuel is shown for various plants and processes. 
The Kuwait plant is a 4-effect installation and 


is 1,500 lb of water per pound of fuel. 


Goal 


that at Aruba, 6 effect. 


of the fraction of an acre-foot which 
could be purchased with $100. The 
apparent high promise of the low tem- 
perature difference scheme must be 
tempered with the reminder that it is 
of value only where two sources of 
water are available at different tem- 
peratures. Although there are several 
situations where such differences can 
be utilized, the method is not univer- 
sally applicable. 


highest economy possible with existing 
commercial equipment is shown as the 
“combined plant” and involves a steam 
power plant which produces power to 
drive a vapor compression plant. The 
turbine exhausts into a multieffect dis- 
tiller plant so that a maximum of water 
is produced. 

Desalting processes may be classi- 
fied in many ways and will be ar- 
ranged according to the type of energy 
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required—namely: heat energy, me- 
chanical work, and electrical energy. 
If it is presumed that all three types 
of energy come from fuel, then the 
amount of fuel required for mechanical 
work (as from a steam turbine or 
diesel engine) will be roughly three 
times the heat value of the work done. 
Likewise, electrical energy will require 
fuel which gives about four times the 


SALINE WATER CONVERSION 


TABLE 1 
Costs of Water Produced by Demineralizing Processes 
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solved materials, it may be replaced by 
a sodium chloride solution for purposes 
of estimation. Figures 5 and 6 show 
the relation between boiling point and 
pressure for sodium chloride solutions 
and the salinity as a parameter. Ex- 
amination of these figures will give 
some idea of the temperature and pres- 
sure ranges available and the practical 
limitations of multieffect arrangements. 


Distillation Process 


Location 


Cost per 1,000 gal 


Submerged coil 3-effect Morro Bay $2.60* 

Submerged coil 6-effect Aruba $1.75* 0.175 
Four-stage flash Kuwait $2.80* 0.110 
Vapor compression $1.38t 0.272 


t From A. Latham Jr. (/0). 


heat equivalent of the electrical energy 
used. The above ratios are approxi- 
mate but reflect the values of the effi- 
ciency of energy transformation which 
it is possible to achieve today. 


Heat Energy Processes 


Desalting processes which use heat 
energy as such include multieffect dis- 
tillation, flash distillation, and super- 
critical distillation. Multieffect distil- 
lation and flash distillation may be 
considered as one form. 

The multieffect principle is that of 
the reuse of heat—that is, the heat de- 
livered to the first effect is used again 
and again, as many times as there are 
effects, and is finally delivered to the 
condenser. 

Multieffect operation is possible be- 
cause of the variation of the boiling 
point of sea water with the pressure. 
Since sea water is a rather complex 
solution containing a number of dis- 


* Figures from article “Evaporation Plants Solve Water Shortages (9). 


The amount of water produced by a 
multieffect plant is somewhat less than 
the number of effects multiplied by 
the steam condensed in the first effect, 
because the latent heat increases as 
the pressure decreases. For example, 
a six-effect plant produces about 4.5 
lb of water per pound of steam used 
in the first effect. The goal of 1,500 
Ib of water per pound of fuel corre- 
sponds to 12 Btu/lb of water, whereas 
the figures given above for the six- 
effect plant would require about 225 
Btu/Ib of water. At a boiler efficiency 
of 80 per cent, the corresponding cost 
of fuel alone would be $198/acre-ft 
with heat energy worth 25 cents per 
1,000,000 Btu. To approach the fuel 
goal closeiy would require the use of 
over 100 effects—a condition infeasi- 
ble with shell and tube type heat 
exchangers. 

Another approach to high fuel econ- 
omy is often sought through the com- 
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bination of a distiller plant with a 
power-generating plant. In this ar- 


rangement, part of the steam may be 
charged against power generation, al- 
though all of the steam is available in 
the distiller. In Fig. 3 and 4, the bars 
labeled “Aruba” pertain to a six-effect 
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plant operated in this manner and give 
some idea of the gain to be expected. 

Supercritical distillation is another 
approach to low heat demand for high 
fuel economy. It is called supercriti- 
cal because the temperatures and pres- 
sures used are above the critical values 


Critical Points < 


re Saturation Curve 


Triple Points 


0.1 1.0 10 


100 1,000 


Pressure — psia 
Fig. 5. Relation of Boiling Point and Pressure for Salt Solution 


Curves represent, from right to left, salinities of 5, 10, 15, 20, and 25 per cent. Satu- 
ration curve is for pure water. 
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for pure water although they are below 
the values for sodium chloride solu- 
tions as given in Fig. 6. The general 
idea is to make use of the fact that 
the latent heat of evaporation of water 
becomes very small at pressures and 
temperatures just below the critical 
values and vanishes at those values. 
If evaporation and condensation could 
be carried out very near the critical 
conditions, the net heat supplied could 
be very small provided that an effective 
counterflow heat exchanger is used for 
heating the incoming sea water and 
cooling the outgoing brine. It is also 
necessary to arrange for salvage of the 
power required to put the sea water 
under the desired pressure. Experi- 
ments on this seemingly attractive 
scheme were conducted first by von 
Platen (11) and later by Nuclear 
Development Associates (12). Both 
were discontinued because of the ex- 
tremely serious problems of corrosion 
and salt deposition encountered at the 
high pressures and temperatures in the 
counterflow heat exchanger. Prelimi- 
nary tests by von Platen were said to 
have achieved heat energy require- 
ments as low as 12 Btu/Ib. 


Mechanical Processes 


Under the use of mechanical power 
for the separation of fresh water from 
the sea there appear to be three proc- 
esses in various stages of development 
—namely, the vapor compression proc- 
ess, the freezing process, and reversed 
osmosis. The vapor compression proc- 
ess was developed in this country by 
von Kleinschmidt for use by the US 
Navy during World War II. In this 
process (Fig. 7), water vapor is drawn 
by a compressor from the low-presure 
(sea water) side of a heat transfer 
surface, compressed and delivered to 
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the other (high-pressure) side of the 
heat transfer surface. Because the 
saturation temperature is higher on the 
high-pressure side, the latent heat of 
condensation furnishes the energy to 
generate more vapor. The most com- 
mon version of this equipment operates 
with atmospheric pressure on the low- 
pressure side and a difference in tem- 
perature across the heat transfer sur- 
face of about 10°F. Under these con- 
ditions, power consumptions of 50-70 
kwhr per 1,000 gal have been observed. 
Cost estimates for water produced by 
this method quote a price of $1.25 per 
1,000 gal ($410 per acre-ft) for in- 
stallations with a capacity as much as 
1 mgd. So far, the largest reported 
plants are of the order of 200,000 gpd. 

Research on the improvement of this 
method has focused on the possible de- 
crease in the temperature differential 
across the heat transfer surface. The 
effect of this would be to decrease the 
power required by the compressor. It 
is reported (13) that certain experi- 
ments on forced-circulation evaporator- 
condensers have yielded heat transfer 
coefficients four or five times as great 
as those possible in the conventional 
units. Recent developments of a rotat- 
ing evaporator-condenser by K. C. D. 
Hickman (14) indicate a possible in- 
crease in fuel economy which would 
give a yield ratio of 367 Ib of water 
per pound of fuel as compared to the 
previous value of 200. Whether or not 
this fuel saving will be accompanied by 
decreases in capital and operating costs 
is not yet clear. Tests on a 25,000-gpd 
unit of this type are presently being 
made. 

The second method of using me- 
chanical power for desalting sea water 
is that of freezing by mechanical re- 
frigeration. It is known that the freez- 
ing of sea water results in the produc- 
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tion of pure ice crystals and brine when 
the temperatures are above the eutectic 
point. If the brine can be separated 


from the ice crystals, then the latter 
can be melted and pure water obtained. 
Studies of the ice obtained shows that 
the ice crystals form in clusters and 
that the spaces within the clusters are 
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phase change, therefore, should be less 
than for distillation. Gilliland (2) has 
assigned one of the greatest fuel econo- 
mies to this process but there are no 
reports yet that any experimenter has 
realized them. 

The third method requiring me- 
chanical power is that of reversed os- 
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Pig. 6. Boiling Point—Pressure Relationships of Salt Solution 
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Figures give percentages of salinity. Points A-I correspond to salinity values of 


filled with the brine. Separation of 
the brine has been attempted by com- 
pression, by washing, and by centri- 
fuging, but no economical scheme has 
yet been evolved. 

From the standpoint of energy, it is 
noted that the latent heat of fusion is 
only one-seventh the latent heat of 
evaporation. The irreversibility due to 


0-10 per cent. 


mosis, already discussed. This method 
is potentially one of high fuel economy 
but, again, there are no plants to bear 


out this speculation. 


Electricity, as such, has been applied 


in the electrolytic process and in elec- 
trodialysis. In both processes, the pas- 
sage of an electrical current through 
sea water causes a migration of ions 
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through the water. In electrolysis the 
ions may be “plated out” at the elec- 
trodes and in electrodialysis the ions 
pass through electrically charged mem- 
branes and are carried away by brines. 
Electrodialysis equipment is in its early 
stages of development. Present instal- 
lations are yielding valuable informa- 
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pression. Costs of water produced by 
the multieffect process have been 
halved during the last 5 years but are 
still much too high for competition 
with water from precipitation sources. 
It is apparent that radical changes in 
equipment must occur if distillation is 
to become competitive in cost. 


Fig. 7. Vapor Compression Distiller Plant at Bermuda 


Plant, which purifies sea water, consists of four diesel-driven units that deliver 50,000 
gpd each. 


tion (15) and should lead to economi- 
cal plants for saline water with salinity 
as high as one-seventh that of sea 
water in the near future. 


Conclusion 


The use of desalting processes for 
sea water is presently limited to distil- 
lation—either multieffect submerged 
coil, multistage flash, or vapor com- 


The low temperature difference 
method for combined power genera- 
tion and distillation holds considerable 
promise where large quantities of 
water at two different temperatures are 
available. 

Solar distillation using simple single- 
effect glass-covered stills has not been 
found economical in spite of the “free” 
solar energy. Further developments 


be) 
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in this area will probably occur in the 
direction of processes with lower heat 
demands, such as multieffect devices 
or ion-exchange equipment using heat 
regeneration. 

The use of mechanical power in re- 
versed osmosis and in mechanical re- 
frigeration seems at this point to merit 
additional investigation. Energy re- 
quirements for these methods are po- 
tentially less than for any form of heat- 
activated distillation. 
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Repairing or Replacing Service Laterals 
William H. Eppinger 


A paper presented on Oct. 31, 1957, at the California Section Meeting, 
San Jose, Calif., by William H. Eppinger, Gen. Mgr., Orchard Dale 


HE rapid growth in suburban areas 

which were previously devoted pri- 
marily to agriculture, combined with 
the addition of facilities such as air con- 
ditioners, dishwashers, automatic laun- 
dries, and two or three baths, and the 
consumer’s ability to pay for greater 
water use, has placed a heavy demand 
on the water systems serving such 
areas. The resulting need for in- 
creased pressure to compensate tem- 
porarily for undersized mains has 
placed considerable strain on older 
water system facilities. Consumers in 
rural areas, who were previously con- 
tent with whatever residual pressure 
was available, were generally satisfied 
if they had water most of the time, but 
with the subdivisions of these areas, the 
new consumers demanded pressures 
equal to those to which they were ac- 
customed in the urban areas from 
which they had moved. 

These higher pressures on old sys- 
tems caused numerous leaks in mains 
and services. The problem of whether 
to repair or replace a main was rela- 
tively simple, because with the excep- 
tion of large mains, most of them were 
inadequate to carry the increased flow 
and a main-replacement program was 
the best answer. Any repairs made 


were generally viewed with the idea 
that they were temporary, and a mini- 
mum expenditure was made. 


County Water Dist., Whittier, Calif. 
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With service laterals, however, the 
problem of deciding whether to repair 
or replace was more difficult, because 
in the majority of situations a small 
expenditure for a band or clamp was 
all that was necessary to effect a repair. 
Generally the service line was at least 
30 in. deep and sometimes under pave- 
ment, resulting in a sizable labor and 
equipment charge. Of course, if the 
pipe was beyond repair with a band, it 
became necessary to shut off the serv- 
ice line. This could be done by shut- 
ting down a section of the main tempo- 
rarily, which meets with much disfavor 
from the consumer, by digging out the 
main connection, or by freezing off the 
line. Either of the latter two methods 
is time consuming and more expensive, 
and inasmuch as the major portion of 
the excavation for a service line re- 
placement is now already done, it gen- 
erally does not take much longer to 
install a new line if it is justified. 

Of course, an official should not be 
too hasty in deciding to replace a line. 
Often no records are available as to 
the type of service pipe that was in- 
stalled. Observation of the pipe at 
the meter or the leak may not be in- 
dicative of the whole line. For ex- 
ample, a short piece of steel pipe or a 
steel fitting may have been added to 
a copper service line. In those cities 
where a good plan for main and service 
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installations was developed at the in- 
ception of the water department, the 
problem of leaks is generally of no con- 
sequence. Usually copper service lines 
were laid, mostly in the small sizes, 
and no leakage problems developed 
except in extreme soil conditions where 
corrosion attacked the copper or the 
solder used at the joints. When leaks 
do develop in properly installed sys- 
tems, the repairs required are gener- 
ally minor. 


Pressure Requirements 


One of the most common complaints 
received by a water company is that 
of low pressure at the consumer’s 
premises. Frequently the customer 
does not register such a complaint 
until a leak appears and then blames 
the trouble on the leak. In the Cali- 
fornia Public Utilities Commission’s 
General Order No. 103 (1), certain 
minimum requirements are established 
for those private companies operating 
under their jurisdiction. These stand- 
ards were adopted after a thorough 
study by members of the commission 
and members of the California Section 
of AWWA. Even though complete 
agreement was not reached on all 
points, those portions relating to serv- 
ice pipes and pressures were gener- 
ally agreed upon. As a result this 
pamphlet is a good yardstick for all 
companies whether public or privately 
owned. 

In the order it is stated that the util- 
ity shall maintain normal operating 
pressures of not less than 25 psig at 
the service connection. A static pres- 
sure test may be misleading, in that 
any obstruction in the line may result 
in an extreme head loss through fric- 
tion, causing the resulting pressure to 
be considerably below the minimum of 
25 psig. If a check on the service main 
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reveals that the meter is operating 
properly and that there is sufficient 
pressure at the hose bib above the 
house shutoff, it is apparent that the 
problem exists in the plumbing of the 
house itself. It should be explained 
to the householder that the pressure 
loss is due to tuberculated piping, too 
small piping, clogged strainers, a 
clogged water softener, or a multitude 
of other reasons which are not the re- 
sponsibility of the water company to 
repair. The service man should not 
be too quick to jump to conclusions, 
however, because frequently the prob- 
lem lies between the main and the 
meter. 


Repairing a Lateral 


A sure way to prove whether or not 
an obstruction exists in the service line 
is to remove the meter, insert a bypass 
jumper, and check the flow through 
a test meter discharging directly to at- 
mosphere. The results can be checked 
by reference to any hydraulics hand- 
book to see if excessive head loss is 
being experienced (2). If it is deter- 
mined that an excessive pressure loss 
exists, the service line should be un- 
covered at the main and inspected at 
this point. Sometimes it is found that 
the corporation stop is only partly 
open. The line can then be discon- 
nected from the main and the flow 
through the corporation stop checked. 
In addition to flushing out the corpora- 
tion stop, it is a good policy to attach 
a drilling machine and remove any 
scale, tuberculation, or other obstruc- 
tions which may be clogging this point. 
If the corporation stop is clear it can 
then be assumed that the trouble lies 
in the lateral. 

The lateral can be cleaned to remove 
any obstructions, but if the pipe is 
badly tuberculated it is possible that 
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leaks can be caused by such cleaning, 
especially if the pipe is very old (3). 
If such is true and the pipe is 1-in. 
standard or larger, the possibility of 
lining with either copper or plastic 
tubing of the next smaller size can be 
considered. Because either copper or 
plastic tubing has a Hazen-Williams C 
factor of 150, such relining can be ac- 
complished without an appreciable loss 
in head over the original piping. 
Some method of mechanical cleaning 
should be used, in order to remove 
the hard obstructions that may injure 
the copper or plastic tubing. A prover 
should be finally used to assure a large 
enough opening to pass the new liner. 
The new liner can then be attached to 
the existing corporation and curb stops 
by iron pipe and tubing adapters. 
Generally, the use of flared connections 
is the most expedient method of mak- 
ing the attachment. If the line cannot 
be opened sufficiently to pass the liner 
or if computation shows that the liner 
will develop too much head loss, the 
only alternative left is to push a new 
service through alongside the old one. 


Electrolysis 


If it is determined upon exposure 
of the line that electrolysis is the cause 
of the leak and the service line is of 
steel pipe, it can generally be assumed 
that a repair will be of a temporary 
nature only. In those areas where 
steel pipe was used for service lines 
and no trouble was encountered, the 
installation of steel pipe was continued 
because of the savings involved. With 
the advent of houses with concrete 
floors, however, it was the general 
practice to install copper piping under 
the concrete slab. Such practices cre- 
ated a corrosion problem if the copper 
was attached directly to a steel line, 
or if any steel was placed in the system 
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between the house and the main. Steel 
fittings should not be used in connec- 
tion with copper service lines without 
some type of insulation. The author 
has observed complete disintegration 
within 2 years time of galvanized tees 
used in conjunction with copper lines. 
Once a steel service clamp on asbestos- 
cement pipe connected to a copper 
service line was completely eaten 
through in 2 years time. A piece of 
new steel pipe installed in an old line 
will corrode faster, due to dissimilarity 
of metals (4). If it is necessary to 
connect dissimilar metals to each other, 
it would be wise to use some type of 
insulating bushing or connector, al- 
though properly wrapped steel pipe is 
resistant to external corrosion. Catho- 
dic protection can also be employed to 
prevent corrosion, but if protection 
methods are to be employed, an eco- 
nomic study should be made to deter- 
mine whether it is more feasible than 
using copper or plastic pipe. Subse- 
quent installation of insulating bush- 
ings might help, but by the time leaks 
start to develop, it is generally too 
late to arrest the action. 


Replacement of Laterals 


Where pipeline failures are occur- 
ring frequently, public relations in the 
area suffer considerably. The con- 
sumers discuss the problem and decide 
that the system is failing, and con- 
siderable time is spent explaining the 
reason for the failures. If it has been 
decided to replace such lines rather 
than repair any ensuing breaks, a con- 
siderable saving may be effected by 
doing such replacements on a quantity 
basis, allowing shutdown of the entire 
block with a resultant saving in labor. 
The plan can be explained in a short 
letter to the consumers in the area af- 
fected, resulting in a gratifying boost 
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in public relations and real cooperation 
from the consumers. The work can 
be done during a slack period when 
the service crew is not otherwise 
occupied. 

If the original services were installed 
before street improvements were made, 
it is likely that the meters were placed 
in poor locations for reading and serv- 
icing. In those areas where the cli- 
mate allows the meter to be set at the 
curb, it would seem most desirable 
from the water company standpoint to 
move the meter. If a service lateral 
replacement program is to be put into 
effect, relocation of the meters can be 

‘correlated with such a program. 

A check of various water companies 
shows that the cost of service installa- 
tions varies considerably. A com- 
pletely new service including meter, 
costs from $75 each for 3-in. services 
to $300 each for 2-in. services. The 


labor and equipment costs on the 
smaller services are approximately 50 
per cent of the total cost and propor- 


tionally less on the larger sizes. The 
time required either to install a new 
service or to repair an old one can vary 
considerably with the type of soil en- 
countered and the depth required. 
The author’s experience with water 
services has been in the Southern Cali- 
fornia area, where freezing of service 
lines is not a problem ; hence, the cover 
required is only that sufficient to meet 
local road department requirements. 
In those areas where the lines are 
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much deeper, it would appear that the 
total cost would be proportionally 
higher. As the ratio of labor and 
equipment cost versus material cost 
increases, it would appear more feasi- 
ble to replace than repair. It is evi- 
dent that because of the high relative 
cost of labor and equipment, if a re- 
placement is made, material with the 
longest life be used to avoid high re- 
pair costs. The labor involved in re- 
pair or replacement can often be many 
times the price of bargain materials. 


Conclusion 


This article has endeavored to point 
out the various hidden factors that are 
encountered in failing services and to 
give some items to consider before 
undertaking a repair job. Generally, 
the water supervisor has to live with 
his mistakes, and if he can install new 
services and either repair or replace 
the old ones so they give maximum 
service, he has developed a system of 
which he can be proud. 
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Proper Methods for Breaking and 
Repairing Pavement 


Joseph M. Rogeven 


A paper presented on Sep. 26, 1957, at the Michigan Section Meeting, 
Detroit, Mich., by Joseph M. Rogeven, Supt., Water Dept., Jackson, 


Mich. 


ERHAPS one of the greatest 
causes of contention between utili- 
ties and the street departments of the 
public works group is the question of 
pavement breaks and repairs, and it 
appears that it will continue to be until 
the utilities can get their workmen on 
the job to make proper openings, back- 
fill with proper materials, and place 
the backfill in the excavation properly. 
All of the fault does not lie with the 
utilities, however, because once a per- 
manent repair is made to the pavement 
cut, it must receive proper maintenance 
whenever necessary. If the repair is 
left without crackfilling at least, trouble 
is likely to occur. 

This article discusses the subject in 
five steps: [1] opening of the pave- 
ment, [2] excavation, [3] backfilling, 
[4] repair, and [5] maintenance. If 
any one of these steps is done improp- 
erly or haphazardly, the rest of the job 
will not hold up, and the whole job will 
become as bad or even worse than the 
step that is done improperly. Not one 
step can be omitted if a good job is to 
result. 


Opening and Excavation 


The first operation—opening of the 
pavement—must be done with the use 
of proper tools, in order to provide a 
neat and smooth edge to finish. Im- 
proper tools make irregular edges 
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which are difficult to maintain (Fig. 
1). Asphalt surfaces should be cut 
through with a regular asphalt cutter 
and not a wedge point or pavement- 
breaking point. The straighter and 
more vertical this first cutting, the 
better will be the repair job and the 
longer it will last (Fig. 2). 

If there is a concrete base under the 
asphalt, this must be taken out with 
a hand-operated pavement breaker. 
Heavier equipment does a fine job if 
the entire pavement is to be removed 
or if an edge is cut along the desired 
ditch opening of sufficient depth to pre- 
vent the fracture from going beyond 
the ditch line. If there is reinforcing 
rod in the concrete, naturally that must 
be burned off, or if wire mesh it can 
be cut with bolt cutters. 

Care must be taken when breaking 
the concrete to avoid long fractures or 
breaking too much out at a time. Such 
a fracture in the concrete will become 
a source of trouble as traffic rolls over 
it and as extreme temperatures at vari- 
ous seasons have their effects on it, 
the joint opens up, water gets in, and 
it is just a matter of time before the 
repair settles down and needs to be 
removed again. 

It is recommended by many engi- 
neers and street maintenance operators 
that all pavement openings be 1 ft 
wider on all edges than the bank of the 
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Fig. 1. Results of Improper Pavement 
Opening 


This picture demonstrates what can re- 

sult when cuts are made with improper 

tools, making irregular edges in the 
pavement. 


Fig. 2. Proper Method of Pavement 
Cutting 


The straight edges along this cut make 
it more likely that the repair job will 
last. 
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ditch. This is an excellent thought and 
works out very well on paper and in 
soils that contain a lot of clay. But 
in many localities this is next to im- 
possible, because ground and soil con- 
ditions will not support such a bank. 
In fact, sometimes there are ditches 
that won’t even stand up under a 1:1 
slope. I 

After the opening is made, the next 
step is excavation. After a few years 
of experience in a particular locality, 
a workman will know what to expect 
in the way of ground conditions. If 
he finds that the excavated material is 
of suitable quality for backfilling, then 
he is in luck; he will not need to haul 
the material away. If he finds that it 


is of inferior quality for backfilling, 
however, then he might just as well 
get rid of it at this stage, to eliminate 


Pig. 3. Tamping the Backfill 


This gang tamper provides a good method 
of compacting the backfill material 
properly. 


> 
| 
— 


Mar. 1958 


the problem of maintaining the cut at 
a later date. 

If the excavation is deeper than 6 
ft and the banks are loose, much time 
can be saved at a later stage, as well 
as better protection provided for the 
workmen, if the trench is sheeted. The 
amount of sheeting necessary depends 
on the stability of the soil. If the 
banks are permitted to cave in and out 
from under the pavement, the entire 
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Backfilling and Repair 

With the hole completed and the 
connection completed, the most impor- 
tant phase of the project begins, that 
of backfilling. This can be accom- 
plished in many ways, and sometimes 
it is seemingly impossible to eliminate 
settling, in spite of what is done. 

First, the materials must be com- 
pactable, such as damp sand or gravel, 
sand, and clay. Any aggregate that 


This section of pavement has a concrete base (light area), which has been cleaned 
and prepared for application of the asphalt surface (dark area), which must be made 
smooth. 


area of concrete or blacktop over the 
settled area will eventually settle and 
will have to be replaced. It may take 
a month, a year, or perhaps even 20 
years, depending on the workmen and 
the ground conditions. The more uni- 
form and regular an excavation, the 
better the backfill will stay in place, 
and less settling of the cut will be 
experienced. 


would make good concrete or road 
gravel will make good backfill material. 
This material can be placed in 6-in. 
layers and hand tamped or power 
tamped, or in thicker layers up to 1 ft, 
depending on the material and the kind 
of tamping equipment used (Fig. 3). 
Too little emphasis has been placed on 
the importance of placing the aggregate 
and the tamping process, but it does 


Fig. 4. Pavement Repair 


JOSEPH M. ROGEVEN 
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Fig. 5. Example of Poor Maintenance 


Lack of proper crackfilling has caused this condition. 


not take long before the effects of a 
poor tamping job show up. In writing 
specifications on backfilling, it is often 
the policy to tie down the contractor 
to exact and proper backfill methods 
and then go out on the job and let the 
men simply push the backfill material 
in the trench and run the tracks of 
the loader or bulldozer along the top 
of the fill. 

Another method of backfill compac- 
tion which is very successful is that of 
flushing in the material. This is not 
filling the ditch with water first and 
then pushing in the fill, but rather a 
method of placing the fill in the ditch 
up to the halfway point and then run- 
ning water on to the fill directly from 
the top, moving back and forth along 
the ditch until the water just barely 
begins to stand; the ditch is then filled 
to the three-quarter point, the flushing 
process repeated, and then the last por- 


tion is tamped. This will enable the 
men to make use of the area immedi- 
ately, whereas if they flush to the top 
of the ditch, they may use too much 
water and find that facilities will have 
to be barricaded for some time until 
it dries out. 

There are many kinds of power 
tampers on the market today, but they 
do not eliminate the need of carefully 
placing the backfill materials and the 
use of proper aggregate. 

After the trench has been backfilled 
to the proper height, it is necessary to 
make the repair. This alone will cost 
from $3.60 to $12 per square yard, de- 
pending on whether the surface is 
blacktop, concrete, or brick. In any 
event, whatever type of surface repair 
it is, care must be taken to be sure 
that all loose edges or unsupported 
edges of the cut are removed. The 
finished surface must be smooth to 
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avoid any bumping from the repair to 
the original pavement, and a liquid 
crack filler must be poured along the 
joint between the old and new surfaces. 
Figure 4 shows two stages of repair. 

From all appearances it would seem 
that the job is completed, but the next 
spring after the frost comes out of the 
ground, pavements often begin to 
heave and repair crews are sent out to 
make necessary repairs to the previous 
year’s pavement cuts. When particu- 
lar notice is taken of the ones that have 
settled, it is seen that of the properly 
backfilled ditches only a very few of 
them will need any attention, whereas 
those ditches which were poorly back- 
filled will require several treatments 
before they stop settling. 


Maintenance 


Maintenance of the cut cannot be 
neglected without bad results (Fig. 


5). Maintenance refers primarily to 
stopping the flow of water into the 
joint between the repair and the origi- 
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nal pavement. This is accomplished 
either by crackfilling or resurfacing. 
Crackfilling is merely the pouring of 
the asphalt from a small can into or 
along the joint. On a large scale, spe- 
cial nonhardening crackfilling asphalts 
are available and special crackfilling 
ladles. Small 1-pint cans, available 
at builder supply stores, can be kept 
on hand for small cuts and on-the-spot 
maintenance. 

If it is necessary to resurface the 
cut, it is better when possible to cut 
out the repair to make the cut from 
6 in. to 1 ft larger all around than the 
original opening was. This will stag- 
ger any joints and provide greater 
support to the new repair. 


Summary 


In summary, it should be pointed out 
that the five steps of making proper 
pavement breaks and repairs are all 
equally important. Not one of these 
can be omitted or slighted if the whole 
job is to be accomplished satisfactorily. 


4 
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Water Hammer Allowances in Pipe Design 


Committee Report 


A report of Committee 8110 D—Allowances for Water Hammer, 
presented on May 13, 1957, at the Annual Conference, Atlantic City, 
N.J., by S. Logan Kerr (Chairman), Cons. Engr., Flourtown, Pa. 
Other members of the committee were: Arthur J. Maahs, Arthur E. 
Schuh, Hugh F. Kennison, Walter H. Cates, Samuel M. Clarke, Vance 
C. Lischer, Fred G. Gordon, and Richard E. Hemborg. 


HE starting point for all investiga- 

tions of water hammer allowances 
in water works piping seems to be the 
schedules prepared in the 1890’s by 
Dexter Brackett. These found their 
way into the New England Water 
Works Assn. standards for cast-iron 
pipe (1), were continued in the 1908 
standards of the AWWA (2), and in 
committee standards of the American 
Standards Association (3). 

A report in 1933 by A. V. Ruggles 
of the Cast-Iron Pipe Research Com- 
mittee listed a number of cases of pipe 
breaks due to water hammer. The 
conditions varied widely from one in- 
stallation to another. The general con- 
clusion of the research committee was 
to retain the standard allowances for 
water hammer in cast-iron pipe, since 
no acceptable substitute was offered. 

A broad review of the problem was 
attempted in a panel discussion “Stand- 
ard Allowances for Water Hammer” 
held at the 1952 AWWA Annual Con- 
ference in Kansas City, at which view- 
points of consultants, operating engi- 
neers and manufacturers were pre- 
sented (4). 

Many technical articles on the sub- 
ject of water hammer have been pub- 
lished over the last 25 years under the 
sponsorship of the committee on water 
hammer of the ASME, among others. 
The basic theory has been well estab- 


lished, but the application in detail to 
water works distribution systems has 
proved to be a most complex under- 
taking, and very few such investiga- 
tions have been carried out. 


Plan of Operation 


The first meeting of this committee 
was held Nov. 16, 1955, in Chicago, 
Ill., and a plan of operation set up. 
One basic objective was to formulate 
some policy relating to the so-called 
standard allowances for water ham- 
mer that could assist committees of 
AWWA charged with preparing 
standards for pipe. The special task 
committee was charged only with for- 
mulating a policy and was not to pre- 
pare exhaustive analyses of pipe design 
standards. 

The functions of the existing stand- 
ards committees were not to be super- 
seded, nor was it the function of this 
committee to prepare a detailed design 
matiual on distribution systems or to 
set up a permanent committee on the 
subject. 

It was at once apparent that large- 
diameter transmission mains, pump 
discharge lines, and trunk mains usu- 
ally had special design problems. In- 
vestments in such conduits were suffi- 
ciently large to justify detailed engi- 
neering and economic studies of these 
problems. 
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Operating requirements varied as 
did many other factors. It was felt 
that no single rule or sets of rules could 
be put forward that would cover all or 
even a majority of situations. 

It was considered feasible and most 
desirable to concentrate on distribution 
system piping, thus covering the bulk 
of specification purchasing. Here 
again the problem had many aspects, 
such as size, material, pressure ratings, 
factors of safety, and operating condi- 
tions. A size limit of 18 in. diameter 
and under was fixed—maybe in a 
somewhat arbitrary manner—but the 
other items were left wide open. 

Each member of the committee 
agreed to undertake a specific assign- 
ment. Fred G. Gordon was asked as 
a practical water works man to collect 
any statistical data available on breaks 
in distribution systems and to learn, if 
possible, how many failures were due 
to water hammer. Vance C. Lischer 
undertook a survey of the effect of 
quick-acting valves on the consumers 
property. Automatic laundries, auto- 
matic bottling plants, and other types 
of installations were found to be 
sources of trouble due to water 
hammer. 

As to the basic design of pipe, each 
of the four industry representatives 
was asked to review his standard de- 
signs and take particular notice of fac- 
tors of safety above the pressure rat- 
ings of the pipe. They were asked to 
review statements made at the Kansas 
City convention concerning the effect 
of water hammer on pipe strength (4) 
and to indicate whether or not a stand- 
ard allowance for water hammer was 
either necessary or desirable. 

Other factors were investigated, 
rumors run down, and a host of items 
studied with reference to distribution 
line failures that might be influenced 
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by water hammer. Information was 
obtained from a wide variety of 
sources, and excellent cooperation was 
given to the special task committee by 
all who were called upon to assist in 
the work. 

It was agreed that all minutes, re- 
ports, and other data would be held 
confidential within the committee pend- 
ing a final report. Formal approval 
for the release of all material to be 
used herein has now been secured from 
the municipal water departments, from 
private water companies, and the re- 
spective trade or commercial organi- 
zations representing the pipe manufac- 
turing industries. 


Results of Investigations 


Appendix 1 gives the condensation 
of information received on breaks in 
distribution systems from a number of 
sources. With cast-iron pipe being so 
widely used over such a long period of 
time, it is natural that statistical data 
should include more references to it. 
The length-of-service records and the 
reports received gave only a limited 
coverage of other types of pipe, but 
the conclusions drawn were the same. 

Appendix 2 gives the results of a 
survey of consumers’ operations, insofar 
as they cause water hammer in dis- 
tribution systems or in neighboring 
service connections. 

Appendix 3 contains the statements 
of the four pipe manufacturing indus- 
tries with respect to the design of pipe 
and its ability to withstand water ham- 
mer pressures. 

Interesting information was gath- 
ered by all members of the committee 
and discussed at the meetings in St. 
Louis, May 1956 (5); Chicago, De- 
cember 1956; and Atlantic City, May 
1957. 

A brief summary of a few of these 
items and the conclusions reached are: 
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1. The subject of raising pressures 
on systems after operating at a “below 
rating” level for some time is a fasci- 
nating one for speculation. Some ac- 
tual experiences were investigated, but 
no general rule could be found, except 
that maintenance work almost always 
increased after pressure levels were 
raised. Failures seemed to happen 
rather soon after the pressures were 
increased—usually within 1 day to 1 
week. Some failures occurred later. 
Many leaks occurred in service connec- 
tions, rather than in the distribution 
lines. Within a 6-month period, the 
weak spots had usually been corrected, 
and the higher pressures were main- 
tained as a permanent condition. 

2. The pressure classification of 
pipe, particularly cast-iron pipe in- 
stalled many years ago, was found to 
be a potential hazard. In the period 
from 1900 to 1910, letter designations 
varied. Under one standard, the light- 
est weight of pipe, Class A, meant 50 
ft of head, and under other standards 
it meant 100 ft. Class B called for 100 
ft and 200 ft respectively, and other 
classifications varied accordingly in in- 
crements of 50 or 100 ft. In a differ- 
ent system, the heaviest pipe was de- 
noted as Class A, roughly equivalent 
to the AWWA 1908 designation of 
Class F. Class F in this reversed ter- 
minology is about the same as AWWA 
Class C. 

Further complications come from 
so-called “city standards” or “manu- 
facturers standards,” quite commonly 
used about 50 years ago. The casting 
position also had an effect, with float- 
ing cores being troublesome when hori- 
zontal molds were used. In the period 
from 1900 to 1910, so many different 
standards were in effect that the user 
of such pipe would do well to check 
his records as to what was actually 
supplied. Steel pipe with allowances 
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for corrosion and other factors intro- 


duced problems in evaluating the need 
for water hammer allowances. 

3. The strength of joints, the joint- 
ing materials, and the design of joints 
with or without mechanical locking or 
tie rods also were reviewed. 

4. Lack of proper anchorage against 
thrust at dead ends, elbows, bends, and 
branches reduced the overall system 
safety factors, and failures occurred 
with relatively small increases in 
pressures. 

5. The effect of fire service was also 
studied. One favorite question was 
“What happens when a fire hydrant 
slams shut?” The answers were di- 
verse, but deliberate slamming seemed 
to be a problem of education, whereas 
accidental slamming, due to broken 
mechanisms, was a matter of mainte- 
nance. The effect in either case was 
undesirable, as line velocities were high 
and heavy potential pressure surges 
were possible. 


Nature of Water Hammer 


Exploring the nature of water ham- 
mer leads to certain popular conclu- 
sions: [1] it is usually associated with 
slam, hammer, or noise; [2] it is a 
sudden blow; [3] it causes a rupture 
of the pipe; and [4] it is a great mys- 
tery. 

While one or more of these four 
factors may be present, water hammer 
does not require them all in every case. 
Many times the water hammer surge 
is noiseless, but still large increases in 
pressure are present. Water hammer 
is not always a sudden blow, but dan- 
gerous surge pressures can rise at a 
rate easily recorded on a gage. It may 
not rupture the pipe at all, but may 
cause progressive failures of some 
types of joints, shifting of the pipe due 
to poor anchorage, or other manifes- 
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tations that would accompany any in- 
crease in pressure. In some cases, 
water hammer of smaller magnitude 
at repeated intervals can stir up the 
sediment in the lines and cause con- 
sumer complaints. 

Water hammer is a pressure change 
caused by a change in flow. The more 
rapid the change, the greater the pres- 
sure variation. The corrective meas- 
ures are simple: to control the permis- 
sible rate of change of flow to safe 
limits, or to provide relief means that 
will be fully effective when needed. 
Only if neither of these solutions is 
possible should added strength be used. 


Conclusions 


It must be admitted that distribution 
systems have survived service condi- 
tions amazingly well. Perhaps this is 
due to the presence of multiple factors 
of safety. 

It must also be admitted that the 
basic causes of pipe failures may in- 
clude water hammer. A break in a 
pipeline usually destroys the evidence, 
or at least a part of it. The absence 
of detailed data on the pressures, op- 
erating procedures, and other condi- 
tions immediately preceding the failure 
makes it difficult to fix the definite 
blame in all cases. Laying and han- 
dling conditions often impose greater 
strains on pipe than do water hammer 
occurrences. The same is true of traf- 
fic, maintenance, and soil factors. 

The more data that can be obtained 
on the conditions attending a pipe fail- 
ure, the better understanding can be 
reached as to its cause. The under- 
standable haste in making repairs and 
in restoring service after a break, how- 
ever, often omits a check upon condi- 
tions that led up to the failure. There 
is a great scarcity of test data on 
surges in distribution systems. More 
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information on this subject should help 
to correct or avoid water hammer 
problems. 

The greater use of sensitive record- 
ing pressure gages at various points 
in distribution systems could aid in 
tracing the causes of many failures and 
prove whether or not they are due to 
water hammer. The fundamental ac- 
curacy of water hammer theory has 
been established. The problem of ap- 
plication to distribution systems, how- 
ever, is complex. Electronic comput- 
ing devices have proved a valuable tool 
in solving flow problems. They may 
in the future be a means of predicting 
surges in distribution lines with a rea- 
sonable degree of accuracy. 

All too frequently, a factor of safety 
is added to a design allowance on top 
of a margin to cover other factors of 
safety. These all tend toward a rec- 
ommendation for an overall factor of 
safety to cover the entire range of ad- 
verse conditions, although the individ- 
ual pipe manufacturing industries have 
individual opinions on such a proposal 
(Appendix 3). 

One thing was agreed upon—the 
need for a valid definition of distribu- 
tion system design and operating pres- 
sures. With such a basis fixed, a mini- 
mum weight or strength of pipe could 
be established. The allowance added 
to allowances (or factor of safety 
added to factor of safety) could thus 
be eliminated to a great extent. 


Recommendations 


The special task committee unani- 
mously recommends : 

1. That a clearer basis of setting dis- 
tribution pressures for design and op- 
eration be established. 

2. That extraneous, consumer-caused 
disturbances be remedied by the con- 
sumer. 
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3. That consumer-caused water ham- 
mer should not be made the reason for 
heavier distribution systems. 

4. That the factors of safety in the 
pipe itself be considered adequate to 
cover water hammer as wel! as other 
factors, such as handling, laying, traffic, 
and trench loads provided the condi- 
tions of service are properly established. 

5. That some agreement be reached 
on a minimum weight or pressure rat- 
ing to be used in selecting pipe for 
distribution systems. 

6. That, with pressure ratings to be 
established as recommended in Items 
4 and 5, no separate allowance for wa- 
ter hammer be made for distribution 
piping 18 in. and under. 

Since Items 2 and 3 require protec- 
tive clauses in service agreements or 
contracts, the detailed wording should 
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be subject to legal opinion. Several 
suggested clauses were prepared, but 
the committee felt such matters were 
beyond the scope of its assignment. 


References 


1. Standard Specifications for Cast-Iron 
Pipe and Other Castings. J. NEWWA, 
16:330 (1902) « 17:84 (1903). 

2. AWWA Standard for Cast-Iron Pressure 
Fittings—-AWWA C100-55 (formerly 
7C.1-1908). Am. Wtr. Wks. Assn., 
New York (1955). 

. American Recommended Practice Manual 
for the Computation of Strength and 
Thickness of Cast-Iron Pipe—ASA 
A21.1. Am. Wtr. Wks. Assn., New 
York (1939). Jour. AWWA, 31: fol- 
lowing 2194 (Dec. 1939). 

. Kerr, S. L., et at. Standard Allowances 
for Water Hammer. Jour. AWWA, 
44:977 (Nov. 1952). 

. Dotson, F. E. Water Hammer Problems 
at St. Louis. Jour. AWWA, 48:1085 
(Sep. 1956). 


Survey of Failures in Distribution Systems 
A report presented by Fred G. Gordon, Asst. Chief Engr., Dept. of 


Public Works, Chicago, Til. 


At an organization meeting of the 
committee headed by S. Logan Kerr 
it was suggested that a survey be con- 
ducted to discover, if possible, the 
causes of and the details of failure 
reputedly caused by water hammer. 
It was also agreed to review statistics 
in Chicago having to do with main 
breaks and to secure similar informa- 
tion from certain other representative 
cities. 

The Chicago data (from the reports 
of the Water Distribution Division) 
covered a more or less detailed de- 
scription of breaks in mains 24 in. 
and larger and a summary by size and 
number of breaks in mains smaller than 
24 in. A 20-year period was reviewed. 
Of the 62 breaks in the larger mains 
during the 20 years, one was ascribed 


to water hammer. This break ap- 
peared definitely due to the improper 
operation of a vertical triple-expansion 
pumping engine in a station located 
near the broken main. Other breaks 
in large mains consisted of circumfer- 
ential cracks, longitudinal cracks, and 
combinations of the two. Seventy-four 
per cent of all cracks occurred in the 
fall and winter, while all of the circum- 
ferential cracks occurred during this 
same period. Only one circumferential 
crack was reported to extend entirely 
around the pipe; most of them were 
confined to a quadrant. 

The relationship between main di- 
ameters and annual breaks per 100 
miles of pipe was studied. For 16- 
48-in. sizes inclusive, the average num- 
ber of annual breaks per 100 miles of 
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main was approximately one (0.86 to 
1.30) for each size of main. Below 
16-in. diameter, however, the number 
of annual breaks per 100 miles of main 
increased rather uniformly: 1.5 for 
12-in. ; 2.5 for 8-in.; 6.0 for 6-in.; and 
14.0 for 4-in. pipe. The conclusion 
drawn was that there was no evidence 
of failures due to water hammer, but 
that the increasing number of main 
breaks with smaller sizes supported an 
assumption of failures due to beam 
action. 


Other Reports 


A. C. Michael, assistant chief engi- 
neer, Department of Water Supply, 
Detroit, furnished the committee with 
data similar to those secured at Chi- 
cago. In that city for a 10-year period 
the number of breaks annually per 100 
miles of pipe averaged 1.6 for mains 
24-48 in. Below 24 in. the number 
of breaks per 100 miles of pipe aver- 
aged 3.8 for 16-in.; 7.2 for 12-in.; 
28.2 for 8-in.; 23.6 for 6-in.; and 18.0 
for 4-in. pipe. Here again the pattern 
of an increasing number of breaks for 
decreasing diameters of mains is evi- 
dent. He called attention to a dis- 
cussion by Lawrence G. Lenhardt of 
Detroit in the November 1952 Jour- 
NAL on water hammer in the distribu- 
tion system (1). The author had re- 
ferred to breaks in 6-in., 8-in., and 
12-in. mains as being caused by flush- 
ometers and other types of quick-clos- 
ing valves. 

Use of fixed and portable recording 
pressure gages over the system per- 
mits detection of unusual pressure vari- 
ations which are traced to the source 
and eliminated. 

H. W. Niemeyer, superintendent of 
distribution at Indianapolis, furnished 
details of main breaks from 1926 to 
1955 in the company’s distribution sys- 
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tem. The annual number of pipe fail- 
ures for all sizes of pipe 2-42 in. aver- 
aged 2.58 per 100 miles of ripe. Ina 
list of causes, water hammer was not 
included. Mr. Niemeyer said that 
“while minor surges may have been a 
factor in some failures, we have not 
had a single experience in which a 
break could be directly attributed to 
such a cause.” 

Gerald E. Arnold, general superin- 
tendent of the Philadelphia water de- 
partment, stated that breaks caused by 
water hammer were confined to dis- 
charge lines from pumping stations and 
that conditions causing them had been 
corrected. He said that “in general, 
the pressures in our distribution sys- 
tem are low enough that minor shocks 
do not give us serious trouble.” 

R. E. Hemborg, engineer of water 
distribution, Los Angeles, reported 534 
leaks in 4,674 miles of cast-iron mains 
for the fiscal year 1955—56, or an aver- 
age of 11.4 per 100 miles. There were 
3,849 leaks in 873 miles of steel pipe, 
an average of 440 per 100 miles. 
Forty-five leaks occurred in 236 miles 
of asbestos-cement pipe, an average of 
19.1 leaks per 100 miles. He stated 
that most of the leaks in the cast-iron 
and steel pipe were due to aggressive 
soils in parts of the city and that meas- 
ures had been taken since the mid- 
1930’s to combat this condition by 
encasing new cast-iron pipe with a 
minimum of 4 in. of sand and using 
coal-tar enamel or cement-mortar coat- 
ing or both for steel pipe. “Most of 
the breaks in asbestos-cement pipe have 
been occasioned by the activities of 
other utilities . . . although there have 
been some breaks occasioned by heavy 
construction equipment rolling over 
freshly flooded ditches. ” Recent prac- 
tice is to install “asbestos-cement pipe 
with about a foot greater cover than 


other types of pipe.” 
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In Los Angeles, Class 250 cast-iron 
pipe is used up to and including 12-in. 
diameter ; above this size either Class 
200 or Class 250 is used, depending on 
water pressure. No cast-iron pipe is 
installed above 24-in. diameter. All of 
the asbestos-cement pipe installed is 
Class 200. All of the steel pipe in- 
stalled from 4 in. to 36 in. varies from 
t-in. to ?-in. plate thickness. Any pipe 
above 36 in. diameter has a plate thick- 
ness designed for a unit stress of 13,500 
psi, with a minimum of -in. plate. 

There are more than 100 different 
pressure zones in the Los Angeles 
system, the majority served by pres- 
sure regulator stations equipped with 
relief valves. The relief valves guard 
against surges or regulator failures. 

Water hammer problems due to 
quick-closing automatic valves have 
been experienced. These may not 
damage the distribution system but can 
cause damage to facilities of adjacent 
consumers. 

Hemborg summed up his report by 
stating that it was his belief “that the 
minor amount of damage to the water 
distribution system of the city of Los 
Angeles, which . . . is also true of a 
good majority of the water systems in 
the United States, is occasioned by the 
fact that most pipelines are not oper- 
ated at the full designed water pressure, 
coupled with the fact that there is usu- 
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ally an ample factor of safety in the 
material used. This is particularly true 
of both cast iron and asbestos-cement, 
gate valves and fittings . . . there is 
considerably more damage to house 
plumbing, particularly water heaters, 
occasioned by quick-closing valves.” 

Meyer Serkes, distribution division 
engineer, St. Louis, compiled a record 
of main breaks in that system for the 
years 1934-55. In the cast-iron pipe 
up to 36-in. size, breaks per 100 miles 
per year averaged 31 for mains smaller 
than 6-in., four to five for sizes 
6-10-in., and approximately two for 
12-in., 20-in. and 30-in. diameters. 

Breaks in steel mains from 36-in. to 
62-in. diameter ranged from as low as 
three to as high as 59. Steel line 
breaks are from pitting. Mr. Serkes 
did not furnish any specific instances 
of breaks from water hammer. 

In summary, it may be said that the 
information obtained from Detroit, In- 
dianapolis, Philadelphia, Los Angeles, 
St. Louis, and Chicago does not indi- 
cate that water hammer is responsible 
for main breaks in the distribution sys- 
tem, except in infrequent and readily 
recognizable instances. 


Reference 


1. Lennarpt, L. G. Discussion—Standard 
Allowances for Water Hammer. Jour. 
AWWA, 44:993 (Nov. 1952). 


Effects of Quick-Acting Valves 


A report presented by Vance C. Lischer, Partner, Horner & Shifrin, 
Cons. Engrs., St. Louis, Mo. 


Although it is conceivable that an 
occasional severe water hammer dis- 
turbance might result from a mishap 
in a large water-using industry, it is 
more reasonable that conditions requir- 


ing attention and remedial measures 
will occur in those industries using 
equipment which by its nature requires 
quick-opening and closing valves. 
Such equipment is used in laundries, 
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process industries, and in_ bottling 
plants and breweries. In these indus- 
tries certain hydraulic functions will be 
repetitive and, if detrimental effects 
are produced, such as pipe or equip- 
ment failures or noise, the industries 
or manufacturers will have become 
aware of the problem. There should 
be established some pattern for 
correction. 

In order to appraise the potential 
for surge or water hammer on con- 
sumer premises which might be propa- 
gated to the mains in the water sys- 
tem, and to determine what remedial 
measures, if any, were being made, 
questionnaires were sent to four large 
water-using industries in the St. Louis 
area, to thirteen manufacturers of 
laundry equipment throughout the 
country, and to a laundry consultant. 
Helpful replies were received from all 
four of the industries, six of the laun- 
dry machine manufacturers, and from 
the consultant. 


Large Industry 

Two large breweries reported that 
barrel and bottle washers use large 
quantities of water and are equipped 
with quick-opening and closing valves. 
These machines have valves operating 
simultaneously, and several such ma- 
chines are installed in parallel. One 
brewery has eighteen machines with a 
total water rate of 2,400 gpm. Simul- 
taneous operation of valves is possible 
but unlikely. The cycle of operation 
for individual washing valves or banks 
of parallel valves is 5 sec open, 4 sec 
closed. The other brewery reports 
2-in. rapid-operating valves delivering 
100 gpm each with 13—20 operations 
per minute. 

Water hammer and noise have been 
experienced. One brewery using 
mostly welded pipe reports no fail- 
ures. The other brewery reports fail- 
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ures. Corrective devices used consist 
of air chambers and snubbers. Of two 
large chemical companies questioned, 
one reported that it has some quick- 
operating valves, uses air chambers, 
and has had no failures. It gave no 
data on rate of flow or pressure rise. 
The other company reported that 
quick-operating valves are not com- 
monly used, and that it has not experi- 
enced serious problems. 


Laundry Equipment Manufacturers 


The questionnaire to the laundry 
equipment manufacturers requested 
data on the following items: [1] type 
of valve operation—manual, solenoid, 
air, hydraulic, electric motor; [2] size 


TABLE 1 
Data on Rate of Flow Interrupted* 
we Sizes 


Rate of Flow 
gpm 


35— 50 
60-120 
65-300 
300-600 


* Based on replies from three manufacturers of laun- 
dry equipment. 


of valve; [3] speed of operation; [4] 
frequency of operation; [5] rate of 
flow interrupted; [6] type of surge 
suppressors or controls used, if any; 
[7] possibility of simultaneous opera- 
tion of several valves; [8] pressure re- 
quired; and [9] surge test data, if 
available. 

The questionnaire was answered by 
five firms. A sixth firm gave some 
useful data, but did not answer the 
questionnaire. Results show that valve 
operation is manual, solenoid, hy- 
draulic, or air, and valve sizes vary 
from # in. to 3 in. Speed of operation 
is reported from “instantaneous,” 1-sec 
opening and closing, to “adjustable,” 
up to 4 sec. Frequency is given as 
80-100 operations per 8-hr day. 


i,1 

1%, 14 

2, 24 
3 
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The rate of flow interrupted for 
various valve sizes is shown in Table 1. 
Surge control facilities were not in- 
cluded as standard equipment. The 
companies recommended air cham- 
bers, snubbers, or adjustment of the 
rate of operation where possible. One 
manufacturer recommended rubber 
hose for a connection to supply. Si- 
multaneous operation of parallel ma- 
chines was reported possible. 

There was little response to the 
question regarding pressure required. 
One firm indicated that pressure as 
low as 15 psi was satisfactory. One 
stated that pressures of 75-100 psi 
were undesirable as “water hammer 
is a serious problem,” but that 40 psi 
was adequate. Several recommended 
the use of pressure-reducing valves. 

Surge test data were not given, al- 
though three firms stated they had run 
such tests. There apparently was little 


understanding among the manufactur- 
ers of the principles of water hammer, 
judging from the character of answers 


given. One manufacturer had recog- 
nized the problem by furnishing main- 
tenance and service instructions to its 
dealers, suggesting several snubber de- 
vices for water hammer corrections. 
The laundry consultant reported 
that, in his experience with the prob- 
lems of laundries, hotels, and institu- 
tions, water hammer iias been a prob- 
lem. It has evidenced itself in dam- 
aged valves, pumps, and other appur- 
tenances. He mentioned the use of air 
chambers but not any of the propri- 
etary snubber or suppressor devices. 


Summary 


The investigation may be 
marized as follows: 


sum- 
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1. Laundries and certain large 
water-using industries frequently em- 
ploy quick-opening and -closing valves. 
These use all types of power operating 
devices in addition to manual opera- 
tion. They can and do create water 
hammer and surge problems. 

2. The water hammer disturbances 
evidence themselves on the customers’ 
premises more generally in noise and 
rattling pipes, and sometimes in rup- 
tured valves or appurtenances. 

3. The repetitive nature of the op- 
erations in the equipment in which 
these valves are used makes it desirable 
and necessary that the water customer 
apply corrective measures. 

4. Air chambers, snubbers offered 
under various trade names, adjustable 
rates on quick-operating valves, and 
even hose connections have been used 
to reduce the effect of, or to eliminate, 
water hammer and its associated 
problems. 

5. Among many of the laundry 
equipment manufacturers contacted, 
there seemed to be little understanding 
of the principles of water hammer. It 
could be inferred that the initiative for 
correction was left to the user. 

6. One of the large industries em- 
phasized that it was its responsibility 
to see that disturbances on its premises 
did not reach the mains. 

The entire inquiry seems to justify 
a conclusion that surges on customer 
premises due to repetitive operation 
of valves on process equipment will 
probably not be serious in the mains 
of the water purveyor, because the cus- 
tomer will find that dangerous pressure 
conditions, noise, or rattling of pipes 
will have to be corrected to assure 
trouble-free operation of his water 
system. 


| 
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APPENDIX 3 
Statements of Industry Representatives 


Statements from representatives of the four pipe-manufacturing indus- 
tries were included in the 1952 panel discussion on water hammer al- 


lowances. 


Each industry representative on this committee was asked 


to review the 1952 opinions and prepare a new statement for this 


report. 


Cast-Iron Pipe 


Arthur E. Schuh, Director of Research, 
US Pipe & Foundry Co., Burlington, 
NJ. 


The member of the committee on 
water hammer allowance representing 
the cast-iron pipe industry was asked 
to look into the following questions : 

1. Does the water hammer allowance 
shown in current cast-iron pipe stand- 
ards apply to medern cast-iron pipe, 
realizing that these allowances were 
originally assumed to be adequate for 
pit-cast cast-iron pipe? 

2. Is a water hammer allowance nec- 
essary or advisable in the current cast- 
iron pressure pipe standards? 

Before these two questions are an- 
swered, it is necessary to point out that 
the committee on water hammer allow- 
ance has limited its considerations to 
water distribution lines up to a maxi- 
mum of 18-in. diameter, and that pump 
discharge mains, transmission mains, 
and pipe installations other than dis- 
tribution systems are excluded. This 
limitation greatly mitigates perform- 
ance hazards that might be attributable 
to water hammer. 


Applicability of Allowances 


The values on which the calculations 
of cast-iron pipe properties are based 


These statements represent the opinions of the pipe manu- 
facturer representatives on allowances for water hammer. 


for the old pit-cast product and the 
modern centrifugally cast pipe are as 
follows: for pit-cast pipe, modulus of 
rupture is 31,000 psi and bursting ten- 
sile strength is 11,000 psi; for cen- 
trifugally cast pipe, modulus of rupture 
is 40,000 psi and bursting tensile 
strength is 18,000 psi. Experience 
over many years has shown that the 
mechanical property values for cen- 
trifugally cast pipe are well on the 
conservative side. 

On the basis of these values, Table 
2 shows certain calculated minimum 
bursting strengths over the pipe diam- 
eter range from 4 to 18 in., for both 
pit-cast and centrifugally cast pipe. 
The wall thickness shown in the table 
represents net wall thickness, in which 
the corrosion and foundry tolerances 
were subtracted from the standard 
thickness tables. These tables, based 
on the use of Class 150 pipe with Type 
B laying conditions and 5 ft of cover, 
include a factor of safety of 2.5 applied 
to both the static-design pressure and 
water hammer allowance. The burst- 
ing pressures shown are calculated for 
a condition without cover. 

Table 2 also shows the number of 
times that the calculated bursting pres- 
sure exceeds the assumed-use pressure 
of 150 psi. It will be noted that 
though the net thickness of centrifu- 
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TABLE 2 
Calculated Minimum Bursting Strengths for Class 150 Pipe* 


Pit-Cast 


Centrifugally Cast 


Net Wall Bursting 
Thickness Strength 
in, pst 


Net Wall Bursting 
Thickness Strength 
in, psi 


0.25 
0.28 
0.31 
10 0.38 
12 0.42 
14 0.47 
16 0.52 
18 0.63 


1,375 
1,020 
840 
830 
765 
720 
695 
755 


0.22 
0.25 
0.28 
0.30 
0.34 
0.35 
0.38 
0.42 


1,930 
1,750 
1,230 
1,050 
1,000 

860 


820 
800 


* Working pressure of 150 psi. 


gally cast pipe is less than that of pit- 
cast pipe, the number of times by which 
the calculated bursting pressure is in 
excess of the operating pressure is 
greater for the centrifugally cast than 
for the pit-cast pipe. A generous mar- 
gin for water hammer allowance is 
indicated. 

Since Table 2 is based on calculated 
bursting strengths, it was considered 
significant to examine the record for 
actual bursting values of modern cen- 
trifugally cast pipe. For this purpose, 
the records of recent bursting tests in 
the 6-in., 8-in., 12-in., and 16-in. sizes 
are used. These tests were made on 
pipe manufactured by the writer’s 
company, and are not cited as repre- 
senting industrywide sampling. The 
results are shown in Table 3 and in 
Fig. 1. 

A comparison of Tables 2 and 3, 
which in effect compare design to per- 
formance, shows that the average actual 
bursting strength is considerably higher 
than the design strength and the indi- 
vidual bursting-test values appearing 
in Fig. 1. All exceed the calculated 
values of Table 2. This condition re- 
flects the fact that, for manufacturing 
considerations, cast-iron pipe has a 


wall thickness greater than is called 
for in the design. 


Adequacy of Current Standards 


Sections 1-7 of the Standard for the 
Computation of Strength and Thick- 
ness of Cast Iron Pipe AWWA C101 
(ASA A21.1) concern water pressure 
and water hammer (1). Included 
there is a brief table, based on as- 
sumptions for water hammer, which 
over the size range under consideration 
varies from 100 to 120 psi. These al- 
lowances have been used in establishing 
the thickness for centrifugally cast pipe 
as given in Standards AWWA C106 
(ASA A21.6), Tables 6.3 and 6.4, and 
AWWA C108 (ASA A218), Tables 


TABLE 3 
Actual Bursting Strengths of Class 150 Pipe* 


Avg. 
Actual 
Bursting 
Pressure 
pst 


3,087 
2,485 
1,977 
1,687 


Pipe | No. of 
Size Speci- 
in. mens 


Avg. 
Min. Wall 
Thickness 

in, 


6 50 
8 50 
12 50 
16 30 


0.35 
0.39 
0.47 
0.56 


* 150-psi working pressure. 
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in. Times Times 
Pressure* Pressure* 
9.2 12.3 
6.8 11.7 
5.6 8.2 
5.5 7.0 
5.1 6.7 
4.8 5.7 
4.6 5.5 
| | 50 | | 5.3 
| 
| Times 
20.6 
16.6 
13.2 
11.2 


Mar. 1958 


8.3 and 8.4 (2-3). Although the al- 
lowances included in the design of pipe 
listed in these tables are considered am- 
ple for most installations, AWWA 
C101, Sections 1-7, includes the fol- 
lowing statement, “Each designer of a 
pipeline should consider whether the 
conditions in his case may need a more 
liberal water hammer allowance.” 

Since a rigorous analysis of the prob- 
able magnitude of water hammer for a 
given installation is not as yet feasible 
for distribution systems, and hence 
such allowances are not quantitatively 
predictable, it is pertinent to examine 
the record of performance of pipe 
whose thickness was predicated on the 
inclusion of the above allowance. 

Other members of the committee 
have been examining the long-time per- 
formance record of cast-iron pipe in 
several major cities. The evidence to 
date, as it pertains to normal operating 
conditions in a distribution system, has 
indicated no substantial number of 
bursting failures ascribable to water 
hammer. This affirms the adequacy of 
design with respect to water hammer 
allowance. 

There are, however, special instances 
in which excessive water hammer can 
be developed, sufficient to cause burst- 
ing failure in a small-diameter distri- 
bution line. These instances are usu- 
ally associated with automatic quick- 
acting valves. As Vance C. Lischer 
points out, the frequency of occurence 
of such a condition is low and usually 
isolated, it is readily recognized, and 
it can also be anticipated. Adequate 
and straight-forward corrective meas- 
ures are available. It is certainly to 


the interest of the water distribution 
agencies to implement a systematic pre- 
ventive and corrective policy. 

In the meantime the question of | 
what to do about this restricted area 
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of water hammer caused by quick-act- 
ing valves, appears to the author to be 
primarily one of judgment. In those 
instances where a new installation is 
expected to cope with the presence of 
quick-acting valves, it miay be simplest 
to provide a line with pipe of heavier 
wall. In other instances where a 
change to quick-acting valves is intro- 
duced after the distribution piping is 


12 | T 
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8-in. Pi 
rT) 
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z 8 tat 12-in. Pipe 4—4 
4 
12 
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Bursting Pressure — 1,000 psi 


Fig. 1. Results of Bursting Tests on 
Cast-Iron Pipe 


Tests were made on specimens of Class 

150 pipe, designed for working pressure 

of 150 psi. There were 50 specimens 

each of 6-in., 8-in., and 12-in. pipe, and 

30 specimens of 16-in. pipe. The aver- 

age bursting pressure for each group is 
shown in Table 3. 


already in place, the provision of suit- 
able surge-controlling devices should 
be insisted upon. 

In the opinion of the author there 
is no need for a change in the stipu- 
lated allowance in the cast-iron pipe 
specifications for water hammer in dis- 
tribution piping within the size range 
in question, for the following reasons: 

1, Cast-iron pressure pipe has in its 
design, and as it is being manufac- 
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tured, an adequate margin of safety 
against bursting stresses to cope with 
all normal operating conditions. 

2. In those instances where very 
quick-acting valves enter the picture, 
available corrective steps can and 
should be utilized. 

If the above can be accepted as rea- 
sonable, there still remains the ques- 
tion of what it may be advisable to do 
by way of standards, particularly in 
the case of cast-iron pipe. 

As mentioned earlier, the Standard 
for the Computation of Strength and 
Thickness of Cast Iron Pipe contains 
a reference to water hammer. This is 
purely advisory and not mandatory. 
As performance history has shown the 
suggested allowances for computing 
wall thickness to be adequate, they 
should be left as given in the manual. 

In the Standards AWWA C106 and 
AWWA (C108, Tables 6.3 and 6.4, and 
8.3 and 8.4, respectively, the pipe thick- 
nesses offered for the various condi- 
tions of use have included a margin for 
water hammer as previously described 
and should also be left undisturbed. 
There is a need, however, for clarifica- 
tion of footnotes accompanying these 
tables in that they might well show 
what actual water hammer allowances 
were assumed in establishing the wall 
thickness. 
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Asbestos-Cement Pipe 


Arthur J. Maahs, Mgr., Sales Eng., Pipe 
Div., Johns-Manville Corp., New York, 
N.Y. 


To date, the information available 
does not appear to justify changing the 
basic method of making allowance for 
water hammer as set forth in the panel 
discussion presented in 1952 at the An- 
nual Conference in Kansas City (1). 

Essentially, this method provides for 
a relatively large factor of safety for 
hydrostatic strength so as to provide 
for the many variables such as water 
hammer, field test pressures, backfill 
loads, surface loads, impact, and inter- 
nal and external corrosion encountered 
in distribution systems. The original 
factor of safety followed the European 
practice of requiring twice the recom- 
mended working pressure. This was 
changed to four times the recom- 
mended working pressure in the year 
1936 to provide the degree of per- 
formance required in the United 
States. 

The author feels that if an allowance 
is made for water hammer in the de- 
sign of pipe, similar allowance should 
also be established for all the other 
variables which affect the ability of the 
pipe to withstand hydrostatic pressure. 
It would be impractical to establish 
such levels and designate those com- 
binations in which they should be used. 

Today, practically all asbestos- 
cement pressure pipe used in municipal 
distribution systems complies with the 
AWWA Tentative Standard C400 for 
Asbestos-Cement Water Pipe (2), and 
as far as the author knows, such pipe 
has satisfactorily withstood the degree 
of water hammer normally encountered 
in such systems. 

The design of asbestos-cement pipe 
should be based on the requirements of 
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a normal distribution system, and such 
a design should not be penalized by 
the rare abnormal condition occasion- 
ally encountered. 


References 
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hammer pressure exceeds 50 per cent 
of the normal operating pressure, there 
is no danger whatsoever of rupturing 
a steel water pipe. A further safety 
factor also exists in steel pipe installa- 
tions of 18-in. diameter and smaller 
sizes in that the thickness generally 
used is greater than required for nor- 
mal operating pressure alone. For ex- 
ample, the latest AWWA design factor 
for 18-in. diameter, 0.135-in. thickness 


i Min. Wall Safe Working 
Diameter Thickness Pressuret 
in, in, psi 


Times Working 
ure 
on 150-psi Service 


Times 
Working 
Pressure 


Bursting 
Strength 
pst 


4} 0.105 700 
6} 0.105 476 
0.105 365 
103 0.135 376 
123 0.135 318 
14 0.135 289 
16 0.135 253 


0.135 225 


2,427 3.5 16 

1,650 3.5 il 

1,265 3.5 8.5 

1,303 3.5 8.7 

1,102 3.5 7.4 

1,002 3.5 6.7 
877 


780 


* Based on AWWA C202 (1). 
+ Based on a 15,000-psi stress. 


Steel Pipe 


Walter H. Cates, Mgr., Hydr. Section, 
Consolidated Western Steel Div., US 
Steel Corp., Los Angeles, Calif. 


For water distribution systems only, 
using pipe sizes of 18-in. diameter and 
less, AWWA Standard C202 (1) rep- 
resents good design practice for steel 
water pipe safely to resist static and 
water hammer pressures that may 
occur under these conditions. Accord- 
ing to the standard, normal working 
pressure should be 15,000 psi stress; 
working pressure plus water hammer 
allowance should be 22,500 psi stress 
(150 per cent working pressure) ; and 
hydrostatic test pressure should be 
25,500 psi stress. Unless the water 


steel pipe, which is the minimum thick- 
ness permitted for this diameter, will 
give a safe working pressure of 225 
psi, a hydrostatic test pressure of 380 
psi, and a bursting pressure of 780 
psi. There are very few distribution 
systems that would ever approach 
these values. 

Data in Table 4 indicate the gener- 
ous safety factor that exists for steel 
pipe under the AWWA standard to 
guard against water hammer in distri- 
bution systems for sizes of 18-in. di- 
ameter and less. 


Reference 
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Reinforced Concrete Pipe — 


Hugh F. Kennison, Vice-Pres., Eng. and 
Research, Lock Joint Pipe Co., East 
Orange, N.J. 


Since the November 1952 JourNAL 
publication on standard allowances for 
water hammer (1), there have been 
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These factors represent conservative 
inherent properties of pipe for resisting 
static and water hammer pressures. 
For consistency of expression all fac- 
tors are expressed in terms of the 
working pressure P,. References to 
the zero compression pressure for pre- 
stressed pipe have been deleted. 


TABLE 5 
Design Criteria for Reinforced Concrete Pressure Pipe 


Steel Stress 
Pressure psi 


Table 
(54-72 in.) 


Table 
(24-72 in.) 


Table 3at§ 


Pressure (16-48 in.) 


Steel Cylinder Type, Not Prestressed* 


Steel Cylinder Type, Prestressedt 


Design pressure, Py 12,500 

Static head (line gate valves 
closed), 1.2 Py 

Design pressure plus water 


hammer, 1.4 Py 


15,000 
17,500 


Noncylinder Type, Not Prestressedt 


Design pressure, P» 12,500 

Static head (line gate valves 
closed), 1.1 Py 

Design pressure plus water 
hammer, 1.2 Py 


13,750 


15,000 


Design 
pressure Pe Ps Pe 


Static head 
(line gate 
valves 
closed) 


Design pres- 
sure plus 
water 
hammer# 


* AWWA C300 (2). 
+t AWWA C302 (4). 
AWWA C301 (3). 
Both lined-cylinder and embedded-cylinder types. 
Embedded cylinder. 
All designs 


changes in Standards C300, C301, and 
C302 (2-4). These revisions warrant 
an amended statement of controlling 
factors. Standard C301 has now incor- 
porated prestressed concrete embedded 
cylinder pipe. Standard C302 has al- 
lowed higher theoretical steel stresses 
for calculating the operating pressure. 

Based on the revised standards and 
an additional extensive test program, 
Table 5 presents controlling design 
criteria for concrete pressure pipe. 


ve at least 50-psi allowance for water hammer. 
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Study of Breaks in Water Mains at 
Louisville, Ky. 


Byron E. Payne 


A paper presented on May 13, 1957, at the Annual Conference, At- 
lantic City, N.J., by Byron E. Payne, Chief Engr. & Supt., Louis- 


ville Water Co., Louisville, Ky. 


STUDY has been made of the 

breaks in cast-iron mains in the 
Louisville Water Co. pipe systems for 
1941-55. Breaks were classified ac- 
cording to pipe sizes, months, seasons, 
types of joint material, and years of 
pipe installation. 

Each month a report of the breaks 
was submitted, giving the following 
information for each one : date of break, 
location, size of pipe, depth of cover, 
type of break (circumferential or longi- 
tudinal), kind of pipe, kind of joint, 
and year installed. These data were 
tabulated in various ways, as follows: 

1. Breaks by sizes for each month, 
season, year and totals for the period 

2. All breaks by months and seasons 

3. Breaks by type of joint materials 
used for months, seasons, and years 

4. Breaks by years installed for 
each month, season, and year 

5. Breaks by depth of cover and geo- 
graphic location for months, seasons, 
and years. 


Results of Study 


In each case, comparisons were 
made, taking into account the number 
of breaks, average per year, percentage 
of total breaks, and size of mains. 
Averages were based on a standard of 
100 miles of pipe. 

Ninety-three per cent of the breaks 
occurred in 6-in., 8-in., and 12-in. 
mains. For each 100 miles of main, 
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breaks were distributed on the average 
as follows: 13.2 per year for 6-in.; 16 
per year for 8-in.; 12.6 per year for 
12-in. mains; and 0.6 per year for all 
other sizes, 

Seventy-six per cent of breaks in 
all cases occurred during the winter 
months—from November through Feb- 
ruary—an average per year of 93 in 
the winter, compared to 30 during the 
rest of the year. Figures for each 100 
miles of pipe averaged 11.3 per year 
in the winter and 3.7 per year during 
the other 8 months. A study of the 
comparative effects of sulfur jointing 
compounds and lead joints showed that 
78 per cent of these winter month 
breaks were in pipelines using the sul- 
fur jointing compound as the calking 
material. 

A study was made based on type of 
pipe used, period installed, percentage 
of breaks, and averages per year. Re- 
sults are shown in Table 1. In this 
study, the depth, type of pipe, and 
geographical location did not point to 
any conclusion. Also, the type of 
break was indicated to be a function 
of the kind of pipe. 

The Louisville Water Co. used pit- 
cast pipe Class C up to 1925 and 
centrifugally-cast pipe Class 150 since.* 
It used lead joints up to 1922, sulfur 

*DeLavaud (horizontally centrifugally 
cast) pipe. 
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TABLE 1 
Data on Main Breaks in Louisville, Ky., 1941-55 


Total Breaks Average Breaks Per Year 


November— 
February per 
100 miles 


March-—October 


per cent per 100 miles per 100 miles 


48.5 3.3 
310.0 29.0 
96.0 7.6 


Pit-cast 24 
Centrifugally cast 59 
Centrifugally cast 17 


Up to 1925 
1925-30 
1930-52 


joints from 1922 to 1954, and mechani- 
cal joints since 1954. Water tempera- 
tures in the mains range from 85°F 
in the summer to 34°F in extreme 
winters. 

Very few breaks can be attributed 
to water hammer. Over a long period, 
the system recording pressure gage has 
been checked for evidences of pressure 
surges immediately preceding a siege 
of main breaks; very few such occur- 
rences have been observed. Some meter 
frost bottom blowouts following pres- 
sure surges, however, have been 
noticed. 

Following the inundation during the 
1937 flood, when about 50 per cent of 
the area served by Louisville’s system 
was under water, many breaks and 
leaks were anticipated because of the 
inundation and compaction of the 
flooded underlying sand and gravel 
strata, broken sewer connections, catch 
basin lead failures, washouts, and cavi- 
ties under the street surfaces. But 
during this 30-day flood period, there 
were only 25 breaks in 4-in. through 
12-in. mains. A total of 215 breaks 


and leaks in the distribution system 
occurred during the year 1937, com- 
pared with 203 reported during 1934; 
198 during 1933; 170 during 1938; 
156 during 1939; and 240 during 
1940. This information would indicate 
that the flood had little effect on breaks 
and leaks in Louisville. 


Conclusions 


In analyzing the causes of breaks 
in cast-iron water mains, it appears 
that most breaks are the result of the 
culmination of a number of possible 
conditions. The above data and other 
observations indicate that these condi- 
tions tend to appear in the following 
order of frequency: 


1. Water temperature stress 

2. Rigidity of joints 

3. Certain pipe material failures 

4. Ground movement 

5. Ground disturbance by sewer 
construction 

6. Faulty bedding during original 
construction of rock trenches 

7. Water hammer stresses. 


| 
; Period Installed Type of Pipe 
2.1 
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Role of the Attorney in Multipurpose 
Developments 


Porter A. Towner 


A paper presented on Oct. 30, 1957, at the California Section Meeting, 
San Jose, Calif., by Porter A. Towner, Chief Counsel, Dept. of Water 


Resources, Sacramento, Calif. 


NY utility executive can imagine 

himself standing in a courtroom, 
which is nearly empty. Only one re- 
porter from a local paper is there to 
cover the case. Besides the parties in- 
volved, a few curious people have wan- 
dered in. The trial has been long and 
tedious, and public interest has waned, 
although the case is of vital importance 
to the utility. The executive notices 
that his face is perspiring as he stands. 
The judge comes in, ready to hand 
down his decision, the decision that 
spells life or death to a dam, the dam 
so vitally needed to keep water projects 
going. 

The prevention of a threat such as 
this is one of the principal functions of 
the utility’s lawyer. He is sure to ad- 
vise that every precaution should be 
taken at the earliest possible stage of 
any project to avoid potential legal 
conflicts, and, if such conflicts are un- 
avoidable, that settlement through a 
fair agreement is always better than 
litigation, for litigation is costly and 
time-consuming. Water litigation vies 
with that in the antitrust field for the 
dubious distinction of being the most 
costly and the most time-consuming. 
At the height of one celebrated recent 
case (1), the cost to the parties was 
estimated at $4,000 per day, the value 
of more than 1,000 acre-ft of water 


from the project involved. Another 
example is a case that has been in 
progress for more than 30 years (2). 
The expense of court proceedings will, 
of course, increase the cost of the proj- 
ect. Even worse, the new project may 
be delayed for years awaiting the final 
outcome of the lawsuit. 

Of course, not every lawsuit can be 
prevented; it takes two to agree. 
There may be irreconcilable differences 
of opinion or questions concerning 
which the law is unclear or has not yet 
been determined. It goes without say- 
ing that if litigation ensues, the law- 
yer’s job is to win it if he can. The 
preparations to avoid litigation, or to 
win the law suits that do come, must 
commence far in advance. 

The mechanics of multipurpose 
water development are becoming of 
vital interest to water utility manage- 
ment, since it is increasingly to this 
source that municipalities must look 
for new water supplies. The multi- 
purpose project may be one con- 
structed by a city providing for power 
production, flood protection, or irriga- 
tion water, as well as municipal water 
supplies, or it may be constructed by 
the state or federal government. It 
may be a cooperative project involving 
other local agencies or the state and 
federal governments. At any rate, 
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major single-purpose municipal water 
development, at least in the West, is 
almost a thing of the past. 

In carrying out a multipurpose 
water development, the attorney must 
work as part of a smoothly integrated 
organization. He must correlate his 
efforts with administrators, engineers, 
and those with other specialized abili- 
ties. Particularly in water matters, 
law, engineering, and economics are 
likely to be inextricably intertwined. 


Planning the Project 

The lawyer’s work should begin in 
the earliest phases of the planning of 
the project. He must try to anticipate 
the legal problems that will arise. He 
must work closely with the engineer- 
ing staff and furnish it with the infor- 
mation with which it can plan a proj- 
ect that will avoid serious or insoluble 
legal problems. 

One of his first tasks in this connec- 
tion is to ferret out the law that is ap- 
plicable to the proposed project, both 
legislative enactments and judicial 
precedents. Unfortunately, in the 
multipurpose project field, this is none 
too easy, for many of these projects 
are in areas where the law has not yet 
been defined. He and the engineers 
working together must plan the project 
to avoid as many legal pitfalls as pos- 
sible. Because some of the laws may 
be outmoded, having been designed for 
projects of an early day, new legisla- 
tion may be needed, and it must be 
planned far in advance. All this often 
must be done under the pressure of 
events where full reflection and discus- 
sion is not possible, for often water 
needs will not wait. 

One of the most important phases 
in the planning of the project is the 
handling of water rights. In Cali- 
fornia, applications must be filed and 
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advertised, opportunity must be given 
for protests, and, usually, a hearing 
must be held before a permit for the 
use of water can be obtained. This, 
too, requires very close coordination 
with the project planners, for there is 
a considerable time lag between appli- 
cation and permit. The applications 
must be filed at the earliest possible 
date at which the information needed 
for them is available, and the informa- 
tion needed must be developed in the 
planning at an early stage. It may 
also be desirable to purchase water 
rights, and it is always necessary to 
compensate the owners in case of dam- 
age to water rights. These objectives 
may also be accomplished by an ex- 
change of water or other physical solu- 
tion of the problem. 

The California area of origin laws 
present a good example—one of par- 
ticular concern to the Department of 
Water Resources—of laws with which 
a project must be made to dovetail. 
Leaving aside the question of change 
in the law, a state project must be 
planned so as not to deprive areas or 
counties of origin of water rights 
guaranteed to them by the legislature. 
Whether or not a project meets these 
conditions is both a legal and an engi- 
neering question. If the present law 
does not furnish adequate guarantees 
to those in the areas of origin or pro- 
vide firm water supplies to water users 
in the export areas, legislative or con- 
stitutional changes must be considered. 
The lawyer plays a central part in im- 
plementing policy through interpreta- 
tion and drafting in the preparation 
of new legislation. Careful work in 
preparing legislation will make it re- 
flect clearly the desired policies and 
will avoid much future controversy. 

If the project involves power fea- 
tures—and many municipal water sup- 
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ply projects utilize power revenues to 
defray part of the cost—an application 
to the Federal Power Commission will 
be required. Here again, timing and 
coordination of efforts are crucial. 
The application may result in an ad- 
ministrative hearing or even in court 
action, if there is competition for the 
power site or if there is organized op- 
position to the planned project. 

Another phase of the work in which 
the utility attorney should take the 
lead is in keeping track of develop- 
ments that may affect planned projects. 
In particular, legislation and court de- 
cisions require careful scrutiny. While 
the legislation is pending and before 
the court has decided, it may be pos- 
sible to make representations to the 
legislative body or the court to the 
end that a decision will be made that 
will help and not hinder a proposed 
project. If the issue has been un- 
favorably determined, curative meas- 
ures can often be taken. Under any 
circumstances, the lawyer must inter- 
pret the results of judicial or legislative 
pronouncements so that their effect on 
the project, not always at once appar- 
ent, can be readily understood. 

An example of the kind of vigilance 
that is required was furnished by the 
Pelton Dam case (3). When the Su- 
preme Court decided in that case that 
the builder of a power project, using 
withdrawn and reserved federal land, 
need not comply with the state water 
law, lawyers working on municipal and 
other water developments immediately 
began to evaluate its implications. Al- 
though it involved a power project in 
Oregon, this decision may well have 
profound effects on water develop- 
ments in California. Viewed in the 


perspective of western water law and 
prior decisions of the Supreme Court, 
it threatens substitution of federal 
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planning for state and local planning 
and raises doubts as to the basis of 
all vested water rights. By way of 
corrective measures, legislation is now 
pending in Congress which would re- 
affirm the validity of state water law 
and require federal compliance with it. 
The best known of these measures (4) 
is the Barrett Bill, so named for its 
author, Senator Barrett of Wyoming. 


Authorization and Financing 


All water projects constructed by 
public agencies must be authorized by 
affirmative legislative action. Depend- 
ing on the agency, this may involve 
action by the legislature, a resolution 
by the board or council, or a vote of 
the electorate. At any rate, the au- 
thorizing measure must be given the 
most careful consideration, since it will 
govern the future conduct of the proj- 
ect, and its amendment may be diffi- 
cult. It must contain authority for 
the exercise of the powers needed to 
construct and operate the project and 
be free from limitations that will ham- 
string it or unjustifiably increase the 
cost. In addition to primary responsi- 
bility for drafting, in which process the 
lawyer must consider every possible 
interpretation that may be given to 
the language, based on his knowledge 
of statutory construction, the lawyer 
must also function as an interpreter. 
Because of the surprising ways that 
courts have construed seemingly plain 
language, legislative measures must 
contain safeguards and may carry im- 
plications that are not readily apparent. 
It is the lawyer’s job to see that the 
administrator and the engineer under- 
stand the effect of proposed authoriz- 
ing legislation on the conduct of the 
project, and to see that the legislation 
that is framed carries out as nearly as 
possible their intent. 
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Closely related to the problem of au- 
thorization is the financing of the proj- 
ect, for it goes without saying that the 
authority is empty unless the funds 
to do the work can be obtained. Few 
indeed are the projects that can be 
financed solely from current funds. 
Most multipurpose projects will re- 
quire issuance of bonds, the procur- 
ing of a loan or grant, or both. 

The issuance of bonds, besides the 
financial consideration, is filled with 
legal requirements which must be met 
with precision. The lawyer is likely 
to call in a consultant who specializes 
in the legal aspects of securities, unless 
the organization is big enough to have 
such a specialist on its staff. The 
specialist will give expert legal con- 
sultation, much as a specialist in one 
branch of medicine might consult with 
a family doctor. Unless the project is 
financed by revenue bonds which are 
serviced with revenues from the sale 
of water or power, an election will 
ordinarily be required. Again, careful 
attention must be given to meeting 
legal requirements designed to insure 
the fairness and regularity of the elec- 
tion. For certain political subdivisions 
of the state, approval of the bonds will 
have to be obtained from the California 
Districts Securities Commission, and a 
court validation may be required or 
may be advisable. The lawyer gener- 
ally handles these technical matters 
with coordination as to timing, and 
with consultation if policy questions 
should arise. 

Many times financial assistance or 
cooperation may be obtained from 
other governmental agencies. The 
federal government has a_ well- 
established policy of participating in 
multipurpose projects to the extent 
of flood control benefits. Also, the 
Small Reclamation Projects Act of 
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1956 (5) authorizes federal participa- 
tion to the extent of $5,000,000 in cer- 
tain types of projects, primarily for 
irrigation, which may, however, in- 
clude municipal water service. It may 
also be desirable to cooperate with 
other state or local agencies to build 
a single project that will meet the col- 
lective needs better than several smaller 
projects. The Cherry Valley Project 
of the city of San Francisco exemplifies 
the possibilities of this approach, for 
the city cooperated in that project with 
the Corps of Engineers and the Mo- 
desto and Turlock irrigation districts. 

Recently a new factor has emerged 
through a law adopted by the 1957 
California legislature, under which the 
state may cooperate in the financing 
and construction of water projects. 
Chapter 2052 of the California Statutes 
of 1957 establishes policies for state 
participation. Subject to specific legis- 
lative approval, it contemplates loans 
to public agencies or grants for fish 
and wildlife and recreational purposes 
incidental to the project’s main pur- 
poses, with the added requirement that 
recreational benefits must be of state- 
wide interest. State participation is 
also authorized to provide for full de- 
velopment where that is beyond the 
requirements of the project builder. 
Under this law, assistance will be avail- 
able for municipal water development. 

The lawyer, economist, and engineer 
must work together in weighing the 
many possibilities for financial assist- 
ance or cooperation to determine what 
plan will best meet the particular situ- 
ation. Additional legislation will often 
be required ; for example, in most proj- 
ects congressional action is necessary 
for federal flood control participation, 
and the legislature must act to approve 
state participation. For any financial 
assistance, a contract will generally be 
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required to spell out the rights and 
obligations of each party. 


Construction 


When the project is authorized, and 
its financing is assured, the utility ap- 
parently is ready to start with con- 
struction. There remain some legal 
problems, however, which must be 
solved first. The land for the project 
must be acquired. Roads and utilities 
must be relocated. If this work is not 
to delay construction, it must be initi- 
ated far in advance of the letting of 
the first construction contract. 

If it is the first construction project 
of the agency, forms and procedures 
will have to be established for the ac- 
quisition of land. Since most of the 
problems will involve meeting the re- 
quirements of law, the lawyer can take 
the lead in solving these problems. 
Later, he will probably review the 
transactions to be sure that the law has 
been followed and the necessary title 
obtained. Where agreement with land- 
owners cannot be reached or construc- 
tion schedules do not allow time for 
negotiations, condemnation may be 
necessary. As with all litigation, con- 
demnation is likely to increase expenses 
and should be used only when really 
necessary. Even after the institution 
of eminent domain proceedings, efforts 
should be continued to settle the case 
before trial. Large scale relocation 
contracts are likely to require even 
more time, and negotiations should be 
commenced as early as possible. 

With respect to construction con- 
tracts, there will be required careful 
legal review of plans and specifications 
and bid and performance bonds to as- 
sure compliance with the applicable 
laws and to avoid future contract inter- 
pretation difficulties. If matters of 
contract interpretation do arise, the 
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attorney must assist in determining 
such matters as the issuance of extra 
work or change orders and the assess- 
ment of liquidated damages. During 
the construction phase of the project, 
the attorney’s role is, in general, one 
of watchfulness to anticipate legal dif- 
ficulties and assure compliance with 
legal requirements. He must rely on 
the construction engineers to keep in 
close touch with him concerning situ- 
ations which may be legally hazardous. 


Operating the Project 


Unless the agency that has con- 
structed the project utilizes its total 
output of water and power in supply- 
ing ultimate consumers, contracts for 
the furnishing of these commodities to 
other agencies will be required. Also, 
if the project is a cooperative one, con- 
tracts will be necessary to establish 
operating criteria for each agency. 
Work on these agreeements will have 
to be commenced during or before 
construction if they are to be consum- 
mated by the time the project is ready 
to go. 

With the contracts made and the 
project operating, legal problems are 
still not at an end. With proper plan- 
ning and consultation, they can be 
reduced to a minimum, but the variety 
of problems that can arise is infinite. 
Proper consultation and planning in- 
clude the furnishing by the attorney 
of information to the operators as to 
legal requirements for the avoidance 
of injury to others. It is also neces- 
sary to have discussions between the 
operators and their attorney concern- 
ing actions that might involve liability 
before rather than after they are taken. 

Some claims of legal liability are in- 
evitable, however, for both lawyers and 
operators are human. Accurate rec- 
ords, prompt investigation, full reports, 
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and efficient handling will tend to keep 
liability to a minimum and will pro- 
mote just settlements. 


Litigation 


Litigation may arise in many phases 
of the work. It may develop from the 
applications for water rights or for a 
power license, from opposition to au- 
thorization, in acquiring land, or be- 
cause of a disgruntled contractor. It 
may arise any time that a disagree- 
ment as to the interpretation of one 
of the many contracts involved is not 
settled amicably. Although it should 
be avoided if possible, it is not the ulti- 
mate disaster and actually plays a 
constructive part in the overall effort. 
The American judicial system is the 
best instrument that has yet been de- 
veloped for settling conflicts between 
people. It is far from perfect, but 
it is more likely to be just than a resort 
to judicial decisions, based on political 
influence, by the legislative body. It 
is the legal system which is principally 
responsible for the rarity with which 
force and violence are now used to 
settle disputes and it should be re- 
membered that only two or three gen- 
erations ago these ultimate arbiters 
were far from uncommon. 

In the court proceeding and in the 
preparation for trial, the lawyer must 
take charge. To make its best show- 
ing, the utility should give him its 
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fullest cooperation, but this is his 
field—the responsibilities and legal de- 
cisions are his. 


Conclusion 


The attorney’s role will vary con- 
siderably during the various stages of 
planning, construction, and operation 
of a multipurpose water development 
project. Throughout, however, it 
should be characterized by close co- 
ordination and teamwork with the 
utility. The other members of the 
team are the other specialists in the 
organization. By developing mutual 
understanding of the part each special- 
ist plays, and by mutual reliance on 
each other for work within the particu- 
lar specialty of each, the organization 
will be able to carry out the project 
with maximum efficiency. 
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Responsibilities, Authority, and Prerogatives of 
the Water Utility Manager 


Wendell R. LaDue 


A paper presented on Jun. 12, 1957, at the Pennsylvania Section 
Meeting, Bedford, Pa., by Wendell R. LaDue, Chief Engr. & Supt., 
Bureau of Water & Sewerage, Akron, Ohio. 


N these times of stress, the great 

need of the people of this country 
will be for trained and fearless leader- 
ship, free to provide the citizens with 
an intelligent and economical manage- 
ment of those activities which have 
become generally accepted as normal 
and routine. In no place will this be 
more essential than in the utilities field, 
and particularly in water supply 
management. 

The need for a study of management 
and the determination of good practice 
in this phase of water utility endeavor 
has been very forcibly brought to the 
attention of the members of the 
AWWA in the past few years. Al- 
though perhaps not designated as such, 
there is probably no topic which water- 
works men discuss more frequently 
than management, projected under 
such subjects as: continuity of em- 
ployment, control of funds, consumer 
relationship (public relations), ade- 
quate plant planning, enabling legisla- 
tion, safety practices, compensation, 
personnel relations, water use, rate 
schedules, fire protection, air condi- 
tioning, plant rating, pensions, main 
extensions, financing, joint administra- 
tion, accounted-for water, and rules 
and regulations. 

Discussion of these topics arises 
often from the premise that inadequate 
attention has been given to underlying 
and contributory factors in their occur- 


rence. In other words, discussions are 
held on the results of bad management, 
rather than its causes. 


Concepts of Management 


Just what is management? The 
words management and administration 
are practically synonymous, and they 
mean to conduct or to carry on the 
affairs of business. In this case, that 
business is water utilities. 

All in all, water utility management 
covers a wide but very specialized ex- 
perience in a field most necessary for 
human endeavor, involving the han- 
dling of men, materials, commodities, 
and services in the delivery of a prod- 
uct for which there is no known sub- 
stitute. Good management results in, 
and is the result of, a logical, sane 
policy of plant expansion, sound financ- 
ing, smooth personnel relationships, ef- 
ficient administration, and satisfying 
consumer relationship. Good manage- 
ment is as essential to the small village 
system with a handful of employees as 
it is to the large organization employ- 
ing hundreds of men and serving thou- 
sands of consumers. 

In our thinking about this subject, 
however, there is often an error—all 
too common in the past—of thinking 
of the “big-plant man” and the “small- 
plant man” as two different kinds of 
men. In deed, and in fact, they are 
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not, for the same kind of man is seen 
in constant and daily need of different 
approaches to the same kinds of prob- 
lems. Progress in solving the prob- 
lems of management of the small plant 
cannot be made by driving imaginary 
wedges between large water utilities 
and small ones, or by assuming that 
the one is enlightened, well-meaning, 
and knows all the answers, while the 
other is not. In fact, there are out- 
standing examples of excellent man- 
agement all along the line, from the 
smallest to the largest utilities. 

A pertinent question then is in or- 
der: When does a plant cease to be 
small and therefore become large? A 
ready answer can be obtained only by 
inference. As of today there are over 
125,000,000 people in organized com- 
munities in this country who receive 
safe and dependable water supply from 


publicly and privately owned water 


utilities. On the average this service 
is supplied by one employee for each 
1,250 people served. In other words, 
about 100,000 workers serve 125,000,- 
000 customers. . This is big business, 
whether a community is served by five 
or 5,000. 

More than 100,000 persons, each 
possessing an almost infinite variety of 
skills, training, and assortment of tal- 
ents, day in and day out, every day of 
the year without ceasing, are contribut- 
ing unselfishly and selflessly of their 
energy, their ability, and their ingenu- 
ity to the biggest business (in terms of 
tonnage) in America. There is no 
precise or scientific way to measure 
the achievements or contributions of 
each, nor is it really necessary to know. 
It is quite necessary, however, for util- 
ity managers to maintain a brave and 
sympathetic understanding of the ap- 
proach to mutual responsibilities, pre- 
rogatives, and problems, in order to 
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face conscientiously the duties of their 
respective obligations. In all, they can 
then expect encouragement from the 
public they serve and a wider, fuller, 
and sympathetic understanding of the 
utility’s purposes. 


Responsibility 


There probably is no truly impartial 
viewpoint on such an all-inclusive topic 
as the manager’s responsibility. Many 
books have been and will continue to 
be written on success in management, 
and in all the predominating factors are 
personal—therefore susceptible to train- 
ing control. While discussing the man- 
ager’s responsibilities, authorities, and 
prerogatives, it would be well to con- 
sider the broader meanings of these 
terms. 

The phrase is often heard—“With 
privilege comes responsibility”—but 
what is the manager’s personal rela- 
tionship to this phase of the Golden 
Rule? A privilege is a prerogative and 
implies precedence by virtue of office; 
a right attached to an office ; a superior 
right to exercise powers; a priority to 
the exclusion of others. It is well to 
remember the source of the prerogative, 
that it be not considered too personal 
or licensed. With prerogative follows 
authority. Authority is legal or right- 
ful power; the right to command or 
act; power in a particular field; per- 
sonal power due to opinion or esteem ; 
the influence of character; the power 
resident in a person to gain or win 
devotion or allegiance. Here there is 
a bridging which must take place be- 
tween the legal rights of the manager 
and personal influence due to his own 
earned prestige and esteem. Personal 
responsibility for one’s acts is implied ; 
influence, prestige, and esteem are rec- 
ognized as being earned. 

Influence is the act or power of pro- 
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ducing an effect without apparent force 
or direct authority; the influence of 
suggestions; the power arising from 
station or character; a power exerted 
over the minds and acts of others. 
Prestige implies the power to achieve 
ascendency over the minds of men by 
conspicuous excellence in a particular 
field of endeavor. Here is realized the 
full force of the value of the individual 
and the need and admonition for the 
acceptance of personal responsibility. 

On the other hand, responsibility 
implies both accountability and _relia- 
bility; a charge for which one is re- 
sponsible, accountable, or answerable ; 
the ability to answer or respond to 
conduct and obligations; charged with 
oversight and management; account- 
able as being trusted with something 
valuable. What could be more valu- 
able to a city’s continued existence 
than its water supply? The utility’s 
responsibility is indeed grave and its 
accountability direct. 

“With privilege comes responsibil- 
ity.” Are utility managers worthy of 
the privileges and responsibilities placed 
in their trust? 

Not long ago, the author was asked 
quite pointedly: “Are you as a water 
utility man looking at this problem of 
water utility management (especially 
financing) through too narrow and 
jealous an eye?” The implication is 
obvious, stating that the utility is not 
set apart and alone, but is definitely 
part of a business controlled by the 
people. It must be admitted that the 
success of any plan of management de- 
pends not only on the merits of the 
organization itself but also upon the 
continued active support of those who 
believe in the organization. Many an 
excellent legal setup for management 
has failed to produce the results antici- 
pated, due to the fact that those inter- 
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ested in fighting for and obtaining the 
desired plan failed to give it their con- 
tinued, active, and whole-hearted sup- 
port and vigilance after its adoption. 
Be it good or bad, the people get the 
kind of management they want and for 
which they will work. The citizenry 
forms a decidedly important element in 
the problem of management. Although 
sound basic laws under which a water 
plant must operate are the first and 
foremost necessity for good water 
works management, it must be ad- 
mitted that, somehow or other, poor 
management can and does exist under 
ideal basic laws. Most fortunately, the 
reverse is likewise true, to the eternal 
praise of those rare individual man- 
agers who thrive in adversity and have 
been endowed with the patience of Job 
and the wisdom of Solomon. On the 
other hand, too often efficient leader- 
ship and progressive personnel is 
strangled and retarded by outside agen- 
cies, laws, and forces beyond the con- 
trol of the trained utility manager and 
his loyal organization. 


Qualities of Leadership 

Assuming that the manager has ac- 
cepted his responsibilities seriously, 
what attributes then will assure his 
leadership? The American Institute 
of Management, a distinguished non- 
profit organization that rates the man- 
agement of the country’s largest cor- 
porations, has devised a check list for 
determining the ability of top execu- 
tives. The institute has found that the 
more successful the executive, the 
higher he rates on the list, which is 
based on three items—civic worth, abil- 
ity and energy: 

1. Does he try to live by the Golden 
Rule? 

2. Does he participate actively in 
community affairs? 
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3. Does he delegate authority as well 
as responsibility ? 

4. Is he respected in his community ? 

5. In business, does he put first 
things first and get them done? 

6. Does he inspire loyalty and 
enthusiasm? 

7. Has he a good personal credit 
record? 

8. Is he open to new ideas? 

9. Is he aggressive and decisive? 

10. Is he actively broadening himself 
through study? 

It is seen that the delegation of au- 
thority has been considered to be of 
the utmost importance. A good man- 
ager knows when and where to dele- 
gate authority, and once done, assumes 
full responsibility for the results. The 
success of subordinates depends upon 
this key axiom of successful organiza- 
tion and managerial ability. 

What personal qualities should an 
individual try to cultivate in order to 
become a successful manager ? 

This question was asked of Wheeler 
Sammons, who has published Who’s 
Who for the past 27 years and who 
has, in that period, studied the back- 
grounds of millions of successful men 
and women. Sammons stated that a 
successful person has developed : 

1. Concentration on one goal or idea 
that is higher than he thinks he can 
achieve 

2. Self analysis, his true desires and 
then determination, no matter how high 
the goal 

3. Ability to deal with and influence 
people 

4. Capacity for working really hard, 
for giving all to the job 

5. A sense of satisfaction with the 
job 
6. Courage to withstand the reverses 
that he will often encounter 

7. Good physical condition 

8. A lively interest outside the job 
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9. A liberal education that teaches 
him to think. 

On the debit side of the personnel 
ledger, Sammons listed such items as: 

1. The personal necessity for earn- 
ing a living and supporting a family 
(Note the word necessity.) 

2. Conservation or backwardness of 
his associates in producing a living, 
vital, forward-looking organization 

3. Educational deficiencies in both 
the manager and his associates 

4. Lack of good personnel relations 
and friction with key men and intimate 
coworkers (This involves the lack of 
ability to get along with people. ) 

5. Personal prejudices inimical to 
impartial pursuit of his duties and 
obligations 

6. Shortcomings of a personal nature 
which are negative in effect. 

To offset these, a person should as- 
pire to good health, character, ability, 
teamwork, thrift, vision, and courage. 


Manager's Authority 

Granted that one is a good manager 
in terms of the above, how then can he 
be assured of carrying out his respon- 
sibilities to his community? Nation- 
ally, there is an expression of con- 
fidence in the commission form of man- 
agement, independent of any regular 
municipal organization, and private 
companies usually operate in accord- 
ance with, and under, statewide utility 
rules. In Pennsylvania the authority 
principle has found favor. The prac- 
tical fact must not and cannot be neg- 
lected or ignored, however, that prob- 
ably a large majority of municipal 
water works systems operate, and in 
all likelihood will continue to operate, 
under the mayor-council and one-man 
organization forms. 

All too often management is consid- 
ered to be the more or less routine 
operation behind the delivery of a sup- 
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ply of potable water to the consumer’s 
tap. It is far more than that. In a 
very practical analysis, it must em- 
brace sound planning for the future 
and the coordination of these future 
needs, plans, and accomplishments with 
the financial obligation and ability of 
the utility and the community to pro- 
vide and support them. It provides a 
smooth routine of continuing operation 
so that when future needs become ur- 
gent, adequate planning (both physical 
and financial) has already foreseen and 
has made possible the carrying out of 
those needs with the least possible 
disturbance to the utility and _ its 
customers. 

The water utility profession gener- 
ally deems it essential that the manager 
of the utility shall have freedom: 


1. To develop policy 

2. To develop rate structures 

3. To control funds for expansion 

4. To control personnel 

5. To purchase materials and enter 
into contracts 

6. To initiate long-term planning 
and development. 

In addition to these freedoms, a 
municipally owned water utility gen- 
erally receives the city’s credit in 
financing, is generally free from some 
forms of taxation, accepts legal and 
financial advice, participates in bulk 
buying by the city’s purchasing de- 
partment, and receives the protection 
of the fire and police departments. 
Private companies sometimes enjoy 
equalizing and offsetting privileges. 

While these are termed freedoms, 
they are nevertheless definite preroga- 
tives and, therefore, are not to be 
abused by the manager. In fact, in 
their fulfillment and acceptance rests 
the appraisal or success of any given 
manager’s efforts. Herein lies the real 
test of respsonsibility and the real ex- 
pectation for successful operation. 
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Manager's Purpose 

What is the purpose of successful 
administration? Good management is 
the result of a combination of continu- 
ing policies with respect to expansion 
of both facilities and operations, sound 
financing, efficient conduct of business, 
and giving satisfying services. Good 
management is as essential for small 
plants as it is for large water utilities. 
This axiom of good management will 
become mandatory as the public reali- 
zation of its importance becomes more 
and more apparent. 

The water profession will accom- 
plish much to improve its own status 
if it can effect an enlightened and pro- 
gressive top management dedicated to 
these ideals. The manager should 
strive continually to analyze the causes 
that produce weakness and then take 
steps to correct them by well recog- 
nized but generally neglected means 
of personal effort, backed (as it will 
be) by an active citizenry. 

What is it the average citizen wants 
and expects from its water supply man- 
ager? This inquiry calls for a rather 
searching and personal form of intro- 
spection—often not pleasing to con- 
template—but it must be faced cou- 
rageously and frankly. 

The average citizen wants an ade- 
quate, safe, sparkling, potable water, 
at a pressure and in quantity suitable 
for domestic and industrial needs and, 
in cooperation with the fire department, 
sufficient for fire protection. Again, 
all classes of consumers demand that 
these functions be provided efficiently 
and economically, that expansions be 
made as deemed necessary, and that 
the rates be reasonable and in step 
with other items of the cost of living. 


Conclusions 
In conclusion, it may be said that 
the water profession will do much to 
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improve its own position if it can effect 
a better top management commanding 
public confidence. Too often, public 
opinion concludes that the water utility 
manager is doing a routine job in han- 
dling daily occurrences and that a 
plant, once started, grows and expands 
under its own momentum. This illu- 
sion, then, must give way to a true 
understanding of the facts, which dic- 
tate that good management will result 
only when continuing policies are al- 
lowed to develop and to thrive under 
merited public approval. The results 


of such policies definitely are: 
. Adequate facilities 
. Good operation 
. Practical maintenance 
. Reasonable and adequate rates 
. Logical replacement and expan- 


. Sound fiscal methods 

. Satisfying public service 

. Reasonable provision for 
future 

9. Good organizational procedure 

10. Overall efficient and responsible 
administration. 

Present and future needs and prob- 
lems must be conducive of and met by 
careful, economic, and sound planning, 
both as to design and financing. In 


the 
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other words, a sound manager merits 
public confidence because he cares for 
the needs of the present and protects, 
projects, and insures the hopes of the 
future—a truly honorable undertaking, 
worthy of the water profession and a 
challenge to all so engaged. 

A good water utility manager recog- 
nizes the virtues of his privileges ; does 
not overrate his official authority ; val- 
ues his community influence, prestige, 
and personal esteem ; will not abuse his 
influence ; weighs his prerogatives ; and 
accepts true and evident responsibility 
as being his accountability to his public 
for a valuable trust—the operation, 
maintenance and continuance of that 
most vital of all utilities, public water 
supply. 

There is no water utility where the 
manager is obliged to compromise his 
conscience or to pursue a course which 
he believes to be socially, morally, or 
economically wrong, in order to gain 
the legitimate objectives of the lawful 
water works enterprise. If this were 
not so, there would be fewer happy 
men in the profession. No other career 
affords a greater sense of inner satis- 
faction to those who embrace it suc- 
cessfully. In no business is there 
greater determination shown in trying 
continually to do a better job. 
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High Rates of Water Use 
Guy R. Scott 


A paper presented on Sep. 6, 1957, at the Wisconsin Section Meeting, 
Milwaukee, Wis., by Guy R. Scott, Prin. Engr., Black & Veatch, Cons. 


Engrs., Kansas City, Mo. 


URING the past 10 years, there 
have been many statements and 
numerous articles describing adequate 
water service. Some of them advocate 
that water be made available in 
the desired amounts, at any time and 
at any place within the service area, 
while others favor the more frugal 
policy of restrictive use. Limitation 
of supply may require the exercise of 
restrictive use by some departments 
not so well favored by nature as oth- 
ers; but those that have a plentiful 
supply of raw water will find it difficult 
to rationalize such a policy to a public 
not fully acquainted with all the prob- 
lems of collection, treatment, and dis- 
tribution of water, especially when it is 
not in complete agreement with the 
policy. 

It should be unnecessary, in sections 
where water is plentiful, to be forced 
into the position of defending a restric- 
tive policy. Where water is available 
for treatment and distribution, it would 
appear that the water utility profession 
should be able to make it available, 
within reasonable service areas, for all 
reasonable uses. This is a challenge 
worthy of the ingenuity of the entire 
industry. The problem of plant design 
required to provide the service is rela- 
tively simple, being primarily one of 
determining size and number of indi- 
vidual units. Financing such pro- 


grams, however, is the big problem, 
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because the public, while demanding 
the service, many times is unwilling to 
pay the price, at least in the manner 
by which it is now assessed and col- 
lected. A more enlightened public and 
a less painful method of collection must 
be developed before a more generous 
policy can be adopted. 

The general growth policy of the 
profession has always been circum- 
spect, not nearly as adventurous as 
the pattern followed by the power in- 
dustry. As a result, the water depart- 
ments are usually designing and build- 
ing for imminent load or loads already 
imposed and requiring service. Per- 
haps this is desirable; at least there is 
no excessive backlog of extra capacity 
for which financing must be obtained. 
This is the difficult phase of the pro- 
gram—the raising of money for con- 
struction, operation, and maintenance. 
Although many rates are being ad- 
justed to provide for essential enlarge- 
ments, they have not been developed 
to the degree that will permit consid- 
eration of the more generous policy of 
water service ; and many are yet trying 
to continue on rates which have been 
in effect for more than 20 years. 


Method of Design 


The method generally adopted in the 
design of a water utility system pro- 
vides sufficient capacity in the supply 
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and treatment facilities to deliver water 
as needed at maximum day demand 
rates, with high-service pumping and 
distribution system capacities adequate 
to deliver water to all sections of the 
service area at maximum hourly rates 
of use. Treated-water storage is re- 
quired in order that these high rates 
of demand can be satisfied. 

In general, where water is plentiful, 
the intakes and treatment facilities at 
present prices may cost $100,000- 
$225,000 per million gallons per day 
capacity. Where water is not plenti- 
ful, the acquisition and development of 
the supply alone may cost more than 
$1,000,000 per million gallons per day 
capacity. The cost of facilities for 
pumping and distribution of water will 
vary, depending on layout and con- 
struction conditions, from $50,000 to 
$150,000 per million gallons per day 
carrying capacity. 

The most economically constructed 
and operated system would be one sup- 
plying water at a uniform rate through- 
out the entire year, as all units could 
then be sized to permit them to operate 
at full capacity at all times. Such ideal 
conditions never exist. The activities 
within the service areas cause the loads 
to vary from hour to hour within the 
day and from day to day as the seasons 
change. The average daily rate is ob- 
tained by dividing the annual consump- 
tion by 365. The maximum day de- 
mand may easily vary from 1.5 to 2 
times this average-day requirement, 
and the maximum hour may reach 
3-3.5 times the average daily rate. 


Increasing Demands 

Living conditions have changed in 
this period of comparative plenty since 
the end of World War II. By no 
means have they become static; they 
are continuing to change with each 
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new application of science to domestic 
living. Automobile transportation has 
made possible the widespread move- 
ment from the congested sections of 
cities to the open suburbs, where lawns 
and gardens are enjoyed and automatic 
laundries, dishwashing machines, and 
garbage grinders are commonplace. 
These household appliances cause an 
increase in the average day demand 
on the system, and the irrigation of 
lawns and gardens imposes a greater 
seasonal maximum day and hourly 
rate than was earlier experienced. If 
the habits of people were uniform and 
everyone sprinkled at once, the systems 
would be unable to supply the de- 
mands; the diversity factors are such, 
however, that the loads may not be 
more than 2-8 times the average daily 
requirements. Since the total con- 
sumption for irrigation may not be 
more than 10 per cent of the average 
annual use, it is evident that plant fa- 
cilities required to supply this water 
may be surplus for the remainder of 
the year. Commonly and with justifi- 
cation, diversity factors have been 
somewhat improved without hardship 
by restrictions which permit watering 
only on alternate days. 

In addition to the domestic require- 
ments, there have always been loads 
due to the commercial and industrial 
activities. Some of these loads are 
imposed at a uniform rate, but many 
of them occur for only a few hours a 
day. Some are seasonal and for short 
periods may require water rates 5-10 
times their average rate for the re- 
mainder of the year. 

These maximum rates of use can be 
illustrated by figuring the costs of fa- 
cilities for a system with an average 
capacity of 10 mgd. To figure the cost 
of providing sufficient capacity in sup- 
ply and treatment facilities, 10 mgd is 
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multiplied by 1.75, the average ratio 
of maximum day demand to average 
day requirements. The total capacity 
required, 17.5 mgd, is then multiplied 
by the average cost per million gallons 
daily, or $160,000, to give a total of 
$2,800,000. To figure costs for high- 
service pumping and distribution facili- 
ties, 10 mgd is multiplied by 3.25, the 
average ratio of maximum hour de- 
mand to average daily rate. The total, 
32.5 mgd, is multiplied by the average 
cost per million gallons daily capacity, 
$100,000, giving a total of $3,200,000. 
The total costs would then be $6,- 
000,000, or $600,000 per million gallons 
daily average capacity. Actual experi- 


TABLE 1 


Factory Shipments of Self-Containing 
Air-Conditioning Units 


Year No. of Units Value $1,000's 
1950 257,263 86,913 
1951 282,488 93,573 
1952 438,464 135,579 
1953 1,137,293 293,644 
1954 1,436,924 327,369 


ence has shown, however, that these 
costs may vary from $200,000 per mil- 
lion gallons daily to a figure much 
higher than the illustrated result. 

It is evident that the total cost of a 
system is definitely affected by the 
ratios of average to maximum daily 
and hourly rates. Such variations in 
demands are accepted as normal, and 
present rates are intended to make a 
reasonable recompense for such service. 


Air-Conditioning Loads 

Within the past 5-10 years there 
has developed a new seasonal ioad— 
that imposed by air-conditioning units 
using water as a coolant without recir- 
culation. The only differences between 
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this seasonal load and the older sea- 
sonal loads are its rapid growth and 
potentiality for excessive demands if 
growth is permitted to continue 
unchecked. 

Some conception of the growth of 
air conditioning may be gained from 
Table 1, covering factory shipments be- 
tween 1950 and 1954. 

All reports on air conditioning an- 
ticipate a continued rapid growth. 
Forecasters estimate annual retail sales 
of $2-$5 billion by 1963. If this rate 
of growth is realized and if the units 
consist primarily of the nonconserved 
water-cooled type, as they have in the 
past, the effect on water utilities will 
be quite serious. 

Precise information on the amount 
of air conditioning now existing in 
cities is not generally available. The 
most recent estimates indicate that in 
Kansas City the amount is 140 tons 
per 1,000 population, Chicago 70, De- 
troit 44, and Milwaukee 60 tons. Of 
these tonnages, it is estimated that 12 
per cent in Kansas City and 85-90 
per cent in both Chicago and Mil- 
waukee use water as a coolant with no 
provision for water conservation. In 
Milwaukee it was estimated that the 
water requirement for air condition- 
ing in 1956 was about 61.5 mgd, or 
about 43.5 per cent of the average daily 
usage, but of this, only 50 mgd, or 
about 35 per cent of the average daily 
rate, was drawn from the city system, 
as wells supplied the remainder. In 
Chicago it has been estimated that 
the rate of usage for air conditioning 
reached 250 mgd in 1954, or 18.7 per 
cent of the average-day demand. 

The low rates charged for water in 
Chicago and Milwaukee are no deter- 
rent to the installation and operation 
of air conditioners of the nonconserved 
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type, and they can be expected to in- 
crease rapidly in numbers in the fu- 
ture unless checked by restrictive 
measures. Kansas City has an ordi- 
nance that prohibits the installation of 
air-conditioning units using water un- 
less provisions are made for recircula- 
tion. With this ordinance in force, 


the tonnage of such wasteful types is 


TABLE 2 


Average Requirements for Unrestricted 
Air Conditioning* 


Item Requirements 


Design Requirements 
Population 
Air conditioning (100 tons/1,000) 
Temperature of cooling water 
Water requirements—-gpm/ton 
Operation—asArs/year 
Operation—hrs/day 


Daily requirements—mgd 
Annual requirements—mil gal 
Percentage of annual consumption 


Additional Costs 
Supply and treatment 
(3 mgd X $160,000) 
Distribution system 
(9.2 X $100,000 x 0.56T) 
Total 


*For system designed to produce an average 10 


mgd of water, in an area geographically similar to 
central Wisconsin. 

Tt The 0.56 is based on the assumption that about 
50 per cent of the ave cost will be required, because 
most of the demand will be in a restricted area. 


decreasing, as obsolete and worn out 
units are replaced with new. 

The effect of the unrestricted air- 
conditioning load on the cost of a water 
system, designed to supply water at 
an average rate of 10 mgd for a city 
located in an area geographically simi- 
lar to central Wisconsin, is shown in 
Table 2. 

The estimated cost of the system to 
supply water to a city with no appre- 


SCOTT Jour. AWWA 
ciable air-conditioning load, having an 
average demand of 10 mgd, has been 
shown to be about $6,000,000. If 
an air-conditioning load such as has 
been described in Table 2 is then im- 
posed on the original load, the extra 
cost is estimated at $1,000,000, or a 
16.7 per cent increase. The total an- 
nual amount of water used for this 
purpose is not expected to exceed 
154 mil gal, or about 4.22 per cent of 
the average annual use without the air- 
conditioning load. 


Air-Conditioning Charges 


The capital cost of the water re- 
quired for air conditioning is much 
greater than for the original use, being 
about $6,500 for the air-conditioning 
water as against $1,640 for the latter, 
both in terms of annual sales of water 
in million gallons. Since it is assumed 
that the cost of operation and mainte- 
nance of the system remains the same 
per million gallons produced in the two 
systems, it seems logical that custom- 
ers having air-conditioning equipment 
with no provisions for recirculation or 
any other use that produces low-load- 
factor conditions should pay a sur- 
charge above regular rates sufficient to 
carry the capital charges on the invest- 
ment necessary to provide the service. 
If such a surcharge is not levied, such 
service should not be provided, as it 
should not be subsidized by the re- 
mainder of the customers. Such a 
surcharge is affixed to rates for do- 
mestic water to compensate for the low 
load factor caused by irrigation. The 
higher unit rates for water used in this 
category are ample to provide for the 
capital charges on plant equipment re- 
quired for such uses. 


80,000 
8,000 tons 
55°F 
0.8 
400 
8 
Water Requirements 
Rate—gpm 6,400 
: Rate—med 
4.22% 
$ 480,000 
520,000 
$1,000,000 
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Annual charges based upon the addi- 
tional capital cost for air-conditioning 
water developed in the example are 
less than the average demand charge 
for such service. It should be appre- 
ciated that this estimate does not rep- 
resent any particular municipality, as 
it is the result of applying conservative 
figures to a set of conditions for illus- 
tration only. Representative demand 
charges presently in use include: De- 
troit, $7.50 per ton per year; Fargo, 
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ruled that the cost of this service be 
spread among all users. 

The Missouri Water Co. has special 
rates for all customers in Independ- 
ence, Mo., served by 14-in. and larger 
meters, whose monthly use during 
June-September exceeds twice the 
average monthly consumption for the 
remaining eight months. These rates 


are applied to ice plants, bottling works, 
dairies, creameries, and all customers 
that have low load factors in these 


Annual Operating Cost per Ton —$ 


50 


a4 


10 11 12 13 14 15 16 17 #18 19 20 
Size of Unit — tons 


Pig. 1. Typical Annual Costs for Air Conditioning 


Total operating costs, including power and water, are shown for air-cooled units 
(dotted line); water-cooled units that conserve water (dashed line); and water- 


N.D., $10; Pine Bluff, Ark., $12.50; 
Appleton, Wis., $20; and Omaha, 
Neb., $36 per ton per year. Milwau- 
kee, Wis., is requesting $20 per ton 
per year. 

In 1955, the Missouri Public Serv- 
ice Commission authorized a demand 
charge of $40 per ton per year for the 
St. Louis County Water Company, to 
take effect in May 1957. They have 
since reversed their decision and have 


cooled units that do not conserve water (solid line). 


months. They have not been set so 
high as to handicap such operations, 
but they are high enough to discourage 
the installation of air-conditioning units 
having no provisions for conserving 
water. 

The application of demand charges 
or special rates for all low load factor 
uses will not result in a financial 
burden for reasonable use; they will, 
however. discourage waste. In the air- 
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conditioning field the units relying on 
water as a coolant can be provided with 
recirculating systems. Such systems 
will effect a saving of 95 per cent in 
the use of water. Air-cooled units are 
also being developed and are now in 
competition in sizes up to 10 and 15 
tons. It is not expected that fair 
charges for utilities will retard the con- 
tinued growth of air conditioning. 

Annual costs per ton of air condi- 
tioning are compared by the curves 
shown in Fig. 1. These costs have 
been developed for the Wisconsin area 
with conditions similar to those in 
Table 2, and using costs of power 
and water comparable to those now in 
effect in the Milwaukee area. 

The curves show that if a demand 
charge of $9 per ton is levied, it will 
not encourage the installation of units 
conserving water for sizes less than 10 
tons. If such is the intent, the rates 
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should be somewhat larger for the 
smaller sizes. 


Conclusion 


All of the articles and discussions on 
adequate water service heartily support 
the statement made in the report of the 
AWWA committee on air conditioning 
and refrigeration in 1950 (1) that 
“Each customer should bear his share 
of the burden that he himself creates. 
...” This is the policy that should 
be adopted and followed by the water 
utilities and should be the fundamental 
principle to bring before the public. 
If this is done successfully, there will 
be no need for the application of re- 
strictive measures, and each customer 
will have as much service as he desires 
to buy. 


Reference 


1. Committee Report. Regulation of Air 
Conditioning and Other Refrigeration. 
Jour. AWWA, 42:1111 (Dec. 1950). 


oh 
« 


Survey on Iowa Water Rates, Main Extensions, 
and Job Classifications 


Iowa Section Committee Report 


A report of the Iowa Section Information Survey Committee (Mark 
E. Driftmier, Chairman), presented on Oct. 17, 1957, at the Iowa Sec- 


tion Meeting, Des Moines, Iowa. 


HE Iowa Section of AWWA has 

embarked on a unique service to 
its members—an annual survey of 
rates, pay scales, and various utility 
management policies. This is con- 
ducted by a section committee, with 
the results presented at the annual 
meeting in October. 

This article is intended to present a 
brief review of the statistical results of 
the first (1957) survey and to raise a 
few questions about some of the infor- 
mation disclosed. 

In deciding upon topics for the first 
survey, it was felt by the committee 
that there were three fields most fre- 
quently compared and requiring ques- 


ment, Ames, Iowa. 


To the questionnaire on water rates, 
47 Iowa cities and towns responded. 
They include all cities of 20,000 or 
more population and a representative 
sample of smaller municipalities as 
well. Only three utilities are privately 
owned ; of the public utilities, many are 
under council or manager control, and 
a number are under water utility 
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tionnaires—water rates, the financing 
of main extensions, and job classifica- 
tions and wages. 

Concerning water treatment and 
supply, Iowa is served by a wide vari- 
ety of combinations, from Missouri 
and Mississippi River sources of 90- 
150 ppm hardness, which need only 
filtration and chlorination, to well sup- 
plies in north central Iowa which are 
high in iron and manganese, as well as 
hardness of 800—1,500 ppm, and which 
almost defy treatment. Southern Iowa 
is lacking in ground water, and must 
depend on surface lakes and streams 
of varying character and reliability. 


boards. It may be particularly sig- 
nificant to note that Iowa has no 
regulatory body of any kind to which 
either private or public utilities are 
responsible. 


Charges 
From rate schedules submitted, 
charges were calculated in terms of 


at 
| 
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TABLE 1 


Community 


Rate Steps 


Quantity Above 


Which Lowest Billi 
Rate Applies Periodt 


Adjustment* No. cu ft/atr. 

Ames 9/52 3 50 -32 15,000 M 
Atlantic 1/55 5 35.2 -12.75 §2,000 M,Q 
Bloomfield 11/52 4 45 -26.25 28,000 M 
Boone 1/31* & 32.5 —- 8 100,000 Q 
Burlington 6/54 & 30 — 9.75 333,333 Q 
Carroll 7/53 7 54 -14.04 12,600 M 
Cedar Rapids 1/53* 5 23.75— 9.5 300,000 B 
Clarinda 1920* 7 36 18,000 Q 
Clarion 1951 6 41.25— 8.25 66,667 Q 
Clinton 7/55 5 48.75-12.194 400,000 M,Q 
Council Bluffs 9/52* 4 40 -11 3,000,000 M, B 
Davenport 2/29 3 30 -6 399,000 M,Q 
Decorah 1954 5 360 —-13.5 18,000 M, Q 
Des Moines 12/48 4 30 -8 2,500,000 Q 
Dubuque 6/55 7 36) =—-10.5 300,000 M, B 


Eagle Grove 7/54 
Estherville 1955 
Evansdale 9/56 
Forest City 

Fort Dodge 11/51* 
Grinnell 7/54 
lowa City § 
Iowa Falls 1950 
Jefferson 1/57 
Keokuk 1/52 
Knoxville 6/49* 
Manchester 1948 
Marshalltown 6/54 
Mason City 8/56 
Maxwell 7/52 
Muscatine 8/54 
Newton 1952 
Oelwein 7/54* 


90 -36 
65 -20 
27. -17.25 
30 - 7.5 
27. 4.725 
50 -9 
45 -11.25 
-23 
37.5 -11.25 
37.5 -18 
33.75-11.25 
60 -10 
35 -10 
112.5 -18.75 
18 4.5 
55 -9 
40 -9 


2,000 
45,000 
10,667 


53,333 
133,333 
5,000 


200 


99,000 
66,667 
3,000 


202,000 
26,667 
6,667 


400,000 
84,000 
6,667 


150,000 
1,500,000 
54,000 


zzz co 


consi 


Range reflects rate from highest step (minimum use) to rate at the lowest s 


* Items marked with asterisk (*) were from communities indicating that a rate increase was then being 


Key: M—monthly; B—bimonthly ; Q—quarterly. Those in italics indicate b billing for majority of services 
and often others). 


the 1930's, 


4 1 2 3 | 4 5 6 
Date of 
| Lest Rete 
4 
12 
7 


Mar. 1958 SURVEY—W ATER 


Water Rates in Iowa Communities 


Penalty or 
Discount || 


8.54 
7.31 
3.60 14.40 


3.00 9.72 
2.25 13.13 
3.00 14.34 


2.20 10.75 
3.00 11.25 
3.00 9.75 


3.00 13.20 
3.00 10.50 
3.00 15.75 


3.00 ; 5.40 
N 3.30 11.16 
3.00 750 8.94 


Ke: D—discount; “P-5" means 5 per cent penalty. 
dk Reflecting d iscounts where offered 
° t 


4 
1 
7 8& | 9 10 | il | 12 
Quarterly Rate—$ 
Min. Bill 
vere cu 3,000 30,000 300,000 
cu ft cu ft cu ft 
, P-5 3.75 750 15.00 118.20 982.20 ¥ 
P-10 4.20 1,200 9.69 59.55 408.75 
P-10 3.60 800 12.75 95.25 804.00 
P-10 2.00 620 16.20 50.70 275.70 
N 3.75 od 8.34 61.65 390.30 
D-10 9.72 51.38 430.46 
D-5 3.57 1,500 7A1 62.70 439.47 
D-10 1.35 370 10.80 57.51 349.11 
2.30 570 10.73 49.70 286.20 
N 5.43 1,115 14.63 87.75 560.17 
P-10 2.40 600 9.30 78.60 561.60 
N 2.10 700 9.00 52.20 376.20 
D-10 1.80 500 8.10 46.35 410.85 
N 2.00 667 9.00 72.00 372.00 
N 3.25 900 10.80 69.30 528.30 
D-10 2.70 300 13.95 111.15 1,083.15 
P 6.00 925 19.50 112.50 667.50 
P-10 3.00 1,110 7.25 53.98 519.73 
P-5 44.08 250.08 
D-10 34.79 171.81 te 
P-$0.25 101.80 965.80 
N 58.02 342.42 
P-5 80.50 425.50 
P-10 76.44 697.44 
D-$0.50 62.65 380.20 
N 90.00 576.00 
P-10 44.00 347.75 
P-10 73.20 418.20 
P-10 54.00 351.00 3 
P-25 73.25 579.50 
D-10 27.00 159.30 i 
70.86 412.86 
P-10 45.58 293.40 
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TABLE 1 


4 


Date of 


Rate Steps 


Above 
ich Lowest 


Community 


Last Rate 
Adjustment*} 


cents/100 cu fit 


1955 
3/54 
1/56 


1950 
3/56 
11/56 


Orange City 
Ottumwa 
Rock Rapids 


Scranton 
Sioux Center 
Sioux City 


10/49* 
1956 
1956 


Spencer 
Storm Lake 
Washington 


1910 
1936* 
4/55 


Waterloo 
Waverly 
Webster City 


1953 
1948 


W. Des Moines 
Winterset 


An AAS was awn 


56.7 — 7.5 
360-11 
36.75—-14.7 


75 -18.75 
81.25-18.75 
35.4 -10.5 


40 -4 
33.75— 8.25 
37.5 -15 $3,333 
25 -6 
30 - 7.5 
40 -12 


120,000 
6,000 
60,000 


48.9 -22.5 
50 -12 


13,333 
15,000 


M, Q 


Pa marked with asterisk (*) were from communities indicating that a rate increase was then being 


+ Range reflects rate from highest ste 
(residential and often others). 


cubic feet per quarter for eleven steps 
from 1,000 to 300,000 cu ft per quar- 
ter. Rates for three steps are shown 
in Table 1 (Cols. 10-12). Prompt 
payment was assumed, thus taking ad- 
vantage of discounts where offered 
and avoiding penalties for late pay- 
ment. The charges for all steps are 
shown in graphic form (Fig. 1). 
Mean, or average, values were not cal- 
culated since they are so often dis- 
torted by a few extremes; rather, the 
summary bar graphs shown indicate 
the range of the data, the pattern of 
most common occurrence, and the me- 
dian value, or midpoint—in this case, 
the charge which is less than that 
charged by half the cities and more 
than that charged by the other half. 
Median charges for 1,500 and 1,800 


cuft per quarter (typical range of 


(minimum use) to rate at the lowest step. 
ly. Those in italics indicate billing for majority of services 


residential use) were $5.50 and $6.40, 
respectively. Only one of the 47 
cities reporting was on a flat-rate basis, 
with residential customers largely 
unmetered. 

No trends in rates by size, treat- 
ment, or other such factors were ap- 
parent, because of the extreme vari- 
ations in supply and treatment for 
those reporting. 

The range from the highest to the 
lowest charge for any quantity was 
mostly 3:1 or 4:1. There are some 
questions that arise from this fact. 
Do total costs of supplying water to 
the consumer actually vary this widely ? 
Surely not; a range of 2:1 would seem 
a strong variation. Are those cities at 
or near the median rate charging ap- 
proximately the correct rates? The 
weight of numbers would so indicate. 
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1 2 3 | 5 6 
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Rate Applies | Periodt 
No. ft/ ahr. 
4 14,000 Q 
4 1,080,000 M, Q 
5 13,333 Q 
2,133 Q 
501,000 Q 
20,000 M, 0 
Q 
Q 
Q 
M 
Q 
M 
| 
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3,000 
cu ft 


3.00 
N 2.25 
3.00 


2.25 
1.00 
3.60 


P-10 
P-10 
P-10 


3.00 
2.50 


P-10 


12.13 
10.80 
9.31 


463.20 


9.33 
11.60 
8.30 


602.75 


12.25 
8.88 
10,50 


386.00 


6.55 
6.97 
10.80 


231.30 


14.64 
8.25 


Key: P—penalty; D—discount ; N—net. 
# Reflecting discounts where offered. 


If so, are those with rates twice as high 
and more charging excessive rates and 
piling up unwarranted profits at the 
expense of their customers? This is 
particularly hard to swallow, since 
utilities by nature rarely are able to 
show a profit regardless of their ac- 
counting method. Assuming that those 
with “high” rates are showing a profit, 
where does this leave those with rate 
schedules bringing in 4 or less revenue 
per cubic foot delivered ? 


Rate Schedules 


Concerning the rate schedules them- 
selves, for the cities reporting, the 
number of steps from the first rate (for 
minimum use) to the last quoted step 
(for all over a specified amount) 
ranged from three to twelve. Sched- 
ules with four, five, and seven steps 
were most common, each reported by 


“P-5" means 5 per cent penalty. 


ten to twelve cities (Cols. 3 and 4, 
Tabie 1). The first step was most 
generally in the range of 30-50 cents 
per 100 cu ft, while the last step ranged 
most commonly from 8-16 cents (Fig. 
2). Eight of the last steps were less 
than 8 cents, three of them less than 
5 cents. The ratio between top and 
bottom step ranged from 14:1 to 10:1, 
but was most often in the area of 
2$:1-4:1. 

With regard to the amount of change 
per rate step, a wide variation was 
noted, from a decrease of 54 cents per 
100 cu ft in only three steps to a de- 
crease of less than 10 cents per 100 
cuft in five steps. Decreases of 4 
and 5 cents per rate step were most 
common. 

The widest variation of all appeared 
in the quantity limits of the quoted rate 
schedule—the amount in excess of 


7 8 9 10 | il | 12 . 
Quarterly Rate—$ 
Penalty or Min. Bil Allowance 
Discount || $/atr.# cu ft/dir. 30,000 300,000 
| | cu ft cu ft 
P-10 4.25 750 42.63 245.13 
P-5 4.50 1,200 79.20 
D-2 2.50 667 54.39 451.29 : 
P-10 3.00 400 59.95 
P-10 3.25 400 82.70 
P 4.25 1,200 47.70 331.20 
P-10 667 64.00 348.00 
667 63.00 m7 
800 77.50 491.25 
900 43.05 223.02 
333 28.89 a7 
900 70.50 405.90 
N 613 93.76 701.26 
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which the last or lowest rate step ap- 
plied. This range was 2,000—3,000,000 
cu ft per quarter, with a median value 
in the range of 50,000-60,000 cu ft 
per quarter. 

Here again some questions arise. Is 
there a proper or ideal number of rate 
steps? Would there also be a reason- 


Key 
Upper 
Tenth 


Quarterly Charge -—$ 


LJ 


1,000 1,500 2,000 3,000 
Amount per Quarter —cu ft 
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ported and in the rates themselves. 
They apparently reflect much origi- 
nality, with little concern with sched- 
ules of neighboring utilities. The ques- 
tion remains, however, of whether 
there are some basic guiding principles 
in establishing rate schedules which 
would make billing and bookkeeping 


1,400 


1,300 


1,200 


1,100 


1,000 


900 


Quarterly Charge —$ 


Amount per Quarter - 1,000 cu ft 


30 100 300 
Amount per Quarter — 1,000 cu ft 


Fig. 1. Quarterly Rates of Iowa Utilities 


Bar graphs show the range of charges by 47 Iowa utilities for the designated amounts 
of water consumed. 


able ratio for the upper and lower 
levels of a typical rate schedule? How 
far should the steps go, as far as quan- 
tity is concerned? 

The author is by no means implying 
that twelve rate steps are too many, 
or that decreases of 2 cents or less per 
100 cuft are too slight, but is im- 
pressed by the wide variety shown in 
the makeup of the rate schedules re- 


simpler, make explanations to custom- 
ers simpler, and insure that all water 
customers pay in reasonable propor- 
tion to the cost of providing service 
to them.* The old story of the major 
user paying less than cost is all too 


*There are: in Water Rates Manual— 
M1. Am. Wtr. Wks. Assn., New York 
(1954) —Eb. 


|| 
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familiar, especially with the smaller 
water utility. 


Billing Features 


The minimum charge on a quarterly 
basis ranged from $1 to $6 for residen- 
tial service, ranging most commonly 
from $2.25 to $3.50. For 1-in. meters, 
it was in the range of $6-$9. 

The allowance on the minimum bill, 
again for a small meter, ranged from 
267-1,667 cuft per quarter, but was 
most commonly 600-900 cuft per 
quarter. Here again the question 
could be posed as to what proper or 
reasonable allowances and minimum 
charges. should be. 

Penalty provisions for late payment 
were much more common than dis- 
counts ; 10 per cent was by far the most 
common figure for both. 

Twenty-seven cities reported the use 
of cubic feet, while twenty, many of 
them smaller towns, were reading and 
billing on a gallon basis. It seems 
likely that a good deal of confusion and 
puzzlement on the part of utility cus- 
tomers could be saved by dropping the 
use of cubic feet in water sales. 

Quarterly billing, especially of resi- 
dential customers, was by far predomi- 
nant, which leads to the question of 
why it is necessary to bill small users 
more often than that and whether the 
added cost of reading the meters, bill- 
ing, and collecting on a monthly basis 
is justified. 


Rate Adustments 


Since 1954, this group of 47 cities 
had enjoyed an average of seven rate 
increases a year; several cities had in- 
creased rates more than once since 
1950. Yet, six of the 47 had not ad- 
justec rates in more than 20 years. 
The earliest one reported dated back 
to 1910. 
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An analysis of rate schedules for 
those cities going without a rate in- 
crease for over 20 years indicated that, 
as a group, their rates were compara- 
tively low, minimum charges were 
lower, and the last quoted rate step 
was quite low. This is reasonable con- 
sidering water utility cost indexes, 


80 
Wy 
70 
60 
= 
3 
c 
40 
Last 
2 
20 | 
First 
10 
0 


Fig. 2. Rate Steps of Iowa Utilities 


The left-hand bar shows the range of 
charges in the first rate step; the right- 
hand bar, in the last rate step. 


which doubled from 1913 to the mid- 
twenties, then have nearly tripled again 
since that time. How is it possible to 
exist on rates established 20-40 years 


ago? 
Conclusions 


A sampling of data on rates and 
billing procedures for Iowa water utili- 
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ties has been presented ; probably there 
is nothing here that could not be found 
in any similar group. 

One of the striking things is the 
large variations in rates, and rate fea- 
tures, leading to the question of 
whether there are certain features, 
minimum charges, or rate levels which 
should be incorporated in a rate sched- 
ule. Is there any source of guidance 
available to smaller utilities * not able 

* There is: in Water Rates Manual—M1. 


Am. Wtr. Wks. Assn., New York (1954)— 
Eb. 
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to procure specialized professional ad- 
vice on such matters? 

As stated, Iowa has no utility regu- 
lation of any kind. Granting that any 
such control is a step toward regi- 
mentation, however mild, and loss of 
certain freedoms, it might be justified 
by the aid given to all utilities in re- 
maining financially sound. Aid is par- 
ticularly needed by utilities which, for 
a variety of local reasons, are falling 
far behind in not only revenue but also 
in such things as main extension poli- 
cies and other management areas. 


A paper presented by Donald Y. Caldwell, Mgr., Newton Water 


Works Board, Newton, Iowa. 


The object of this survey is to supply 
information concerning what is being 
done in Iowa cities in relation to meth- 
ods of financing water main extensions. 
The results are shown in Table 2. 

The questionnaire was sent to a total 
of 55 cities in the state ranging in pop- 
ulation from several hundred to the 
largest city in the state, Des Moines. 
Out of the total of 55 cities contacted, 
44, or 80 per cent, replied. It was 
thought best to place the cities in popu- 


lation categories for the purpose of this 
report. The breaking points of the 
categories are purely arbitrary. 

Table 2 lists three methods of financ- 
ing water main extensions: 


1. Financed entirely by the utility 

2. Financed either entirely or in part 
by the benefited parties with some pro- 
vision for a refund of all or part of the 
sum advanced (This refund is some- 
times in the form of cash, and some- 


TABLE 2 
Methods of Financing Main Extensions in Iowa 


"Groupe 


Methods of Financing 


By Benefited Parties* 


Entirely 
by Utility 


With 


Without 
Refund Refund 


Over 50,000 
30,000-50,000 
20,000-30,000 
10,000-20,000 
5,000—10,000 
5,000 or less 


* Entirely or in part. 


|_| 
No. of 
e 6 3 0 1 2 
2 4 4 1 3 0 
j 4 3 2 1 0 
6 5 3 2 0 
: 17 14 8 5 1 
18 14 9 3 2 
| ‘ 
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times is based on water receipts from 
the property.) 

3. Financed either entirely or in part 
by the benefited parties without any 
refund. 

There was an attempt made in the 
questionnaire to differentiate between 
extensions in new subdivisions and ex- 
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tensions in other than new subdivi- 
sions, but in listing them in Table 2 
no such differentiation is made. 

The results of this survey show a 
tendency on the part of the growing 
medium-sized and larger cities to place 
at least some of the burden of financing 
on someone other than the utility. 


A paper presented by Mark E. Driftmier, Supt., Burlington Munic. 
Water Works, Burlington, lowa, and George C. Ahrens, Mgr., Water 


Works, Ottumwa, Iowa. 


In preparing the questionnaire on 
job classifications, hours, and wages, 
various classes of work were indicated 
by code numbers. This was done in 
order to set some standard method 
whereby personnel in both large and 
small utilities could be classified simi- 
larly. By subdividing each number, 
specific jobs within a department could 
be classified. 

For example, meter department em- 
ployees were listed generally as “5.” 
Meter setting was classified as “5a,” 


TABLE 3 


meter reading as “5b,” and so on. 
Likewise, a small utility with one or 
two men doing overall maintenance 
would classify them under “12” for 
general plant maintenance. In larger 
utilities, where jobs were more spe- 
cialized, the personnel could be listed 
under “12a,” “12b,” and so forth. 

For the purposes of this report, how- 
ever, material was grouped into three 
general categories. Table 3 shows, ac- 
cording to population groups, hours 
and wages for: [1] the manager or 


Hours and Wages of Iowa Utility Personnel 


Item 


Item 


3,000 or less pop. 


Managers 190-234 | 300-550 
Supervisors 
All others 156-234 | 190-400 


3,000-8,000 pop. 


Managers 173-234 | 285-475 
Supervisors 190-208 | 230-365 
All others 173-303 | 150-360 


8,000—15,000 pop. 
Managers 
Supervisors 

All others 


190-208 
* 


173-208 | 200-333 


15,000—25,000 pop. 
Managers 
Supervisors 

All others 


173-208 
173-190 
173-208 


Over 25,000 pop. 


Managers 173-190 | 615-750 
Supervisors 173-190 | 350-584 
All others 173-190 | 210-486 


* Insufficient data. 


= 
or! Range or’ Range 
per Month $/month per Month $/month 
358-600 
370-425 
251-405 
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executive ; [2] the supervisory person- 
nel; and [3] all other employees, re- 
gardless of responsibility—office work, 
treatment, distribution, or maintenance. 

Some response was received to ques- 
tions in the survey form concerning 
types of wage increases. To the ques- 
tion of whether personnel were given 
flat-rate increases, 29 answered “yes” 
and six answered “no.” Ten replied 
“yes” to the question of whether they 
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gave percentage increases, whereas six- 
teen answered “no.” 

It appears that flat or across-the- 
board increases of a specific amount 
per week or month is the common prac- 
tice, even though the practice has re- 
sulted in unbalanced wages for various 
job responsibilities. This would have 
been partially avoided by percentage 
increases. Perhaps job evaluation 
should be given more consideration and 
study. 
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Regulatory Problems of Privately Owned 
Water Utilities 


John D. Reader 


A paper presented on Apr. 26, 1957, at the California Section Regional 
Meeting, Santa Monica, Calif., by John D. Reader, Utilities Engr., 
Calif. Public Utilities Com., San Francisco, Calif. 


ANY of the smaller water utili- 

ties under jurisdiction of the 
California Public Utilities Commission 
have few, if any, occasions to consult 
with the commission staff regarding 
the laws, general orders, or procedures 
applicable to their operations. It may 
be that some utility officials look upon 
regulation by a state agency with 
something less than complete enthusi- 
asm and are more interested in their 


day-to-day physical operations than in 
keeping the records prescribed by the 


commission. These records, however, 
are necessary for evaluation of opera- 
tions and for logical analysis of earn- 
ings. State law requires that rates 
charged shall be just and reasonable, 
and proper records are essential to 
such determination. 

Some utility managements find it 
unnecessary to consult with the com- 
mission or its staff until there is a cus- 
tomer complaint or until some question 
arises which involves the application of 
tariff rates or rules. From experience, 
however, it has been found that com- 
mission engineers can be of consider- 
able assistance to utilities many times. 
For example, the accounting resulting 
from the application of a water main 
extension rule can be complicated and, 
if the accounts do not correctly reflect 
the main extension agreements, the 
earnings picture may change materially 


when correctly set up on the books of 
the utility and properly reflected in its 
earnings base. 

Some smaller utilities may delay 
starting the formal procedure involved 
in seeking adjustment of rates because 
they believe the preparation and pres- 
entation of necessary evidence to be a 
difficult task. When the rate adjust- 
ment is finally sought, a very high per- 
centage increase is asked which is more 
disturbing to customers and perhaps 
more difficult to justify than promptly 
sought, more equitable rate adjust- 
ments. Rate changes necessary to 
keep a utility in healthy financial con- 
dition are usually in the public interest 
because, too frequently, service is al- 
lowed to deteriorate if the rate of re- 
turn drops. If service falls below ac- 
ceptable and reasonable standards this 
can lead only to difficulties. Further- 
more, in a state where population is 
growing continually, utilities must 
maintain reasonable earnings to be able 
to finance the expansion of or replace- 
ments of plant which are required. 


Informal Investigations 

During the past year, the staff of 
the California Public Utilities Commis- 
sion has initiated a policy of making 
informal field investigations of water 
utilities which have not been before it 
in formal proceedings for a number of 
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years. This permits a check of com- 
pliance with commission orders and re- 
quirements and information on whether 
utilities have properly applied their 
tariffs and rules. It also enables offi- 
cials of the utilities to discuss with the 
commission representative any regula- 
tory problems which they may have 
and to make use of the experience of 
the staff. Quite frequently the prob- 
lem is one which has already been 
studied and solved by another utility— 
and this experience can be helpful. 
Where it is considered appropriate, 
a representative of the commission’s 
utilities finance and accounts division 
accompanies the engineer from the 
hydraulic branch to check the records 
maintained by the utilities at their of- 
fices. Such informal staff field inves- 
tigations have now been temporarily 
suspended in order to concentrate per- 
sonnel on the heavy load of pending 
formal matters—particularly in the 
Southern California area. It is ex- 
pected that the program will be re- 
sumed soon. 


Contractual Arrangements 


The sample form of contract or 
agreement between the utilities and the 
applicants for main extensions in effect 
and on file with the commission (as a 
part of the tariff schedules) sometimes 
gathers dust in the files of small utili- 
ties for so long that when an individual 
or a subdivider does apply for service, 
the existence of the sample form is 
often overlooked. General Order 96 
of this commission provides that “no 
utility . . . shall hereafter make effec- 
tive any contract or arrangement for 
the furnishing of any public utility 
service at rates or under conditions 
other than the rates and conditions 
contained in its tariff schedules on file 
and in effect at the time unless it first 
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obtain the authorization of the com- 
mission to carry out the terms of such 
contract or arrangement.” Another 
section of the order provides that any 
utility having sample forms of con- 
tracts or agreements on file may enter 
into such agreements without first ob- 
taining the authorization of the com- 
mission—provided that any such con- 
tract does not deviate from the provi- 
sions of the sample form on file and it 
is not more restrictive or different from 
the filed main extension rule of the 
utility. 

Any utility which does not have on 
file a sample form for such agreements 
must first obtain commission authori- 
zation for each agreement. Where the 
individual or a subdivider agrees with 
a utility to provisions which result in 
deviations from the utility’s filed main 
extension rule, an appropriate applica- 
tion must be submitted which seeks 
the authorization of the commission 
for deviation from the provisions of 
the rule. Such an application must 
show complete data for justification of 
such deivation. The rules of proce- 
dure of this commission, a general 
order, and the main extension rule 
provide for such applications. In gen- 
eral, main extensions into new subdivi- 
sions require that the utility provide 
the water supply and standby plant fa- 
cilities and that the subdivider advance 
the cost of the mains, services, and fire 
hydrants if requested or required by 
public authorities. Estimates of cost 
advanced are required to be adjusted 
to the cost actually incurred. 

The water main extension rule was 
adopted by the commission in a deci- 
sion—dated Sep. 28, 1954—which re- 
quired that the rule be filed by all 
water utilities. It applies to both in- 
dividual and subdivision extensions. 
With reference to extensions to serve 
individuals, the rule provides that the 
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utility shall not charge the individual 
for the cost of a main more than 4 in. 
in diameter—except where required by 
the special needs of the applicant. Re- 
cently, a utility installed a main larger 
than 4 in. at a place where, because 
of the geography of the area, it could 
not expect other individual customers 
to locate, and charged the individual 
for the estimated cost of a 4-in. main, 
as permitted in the main extension 
rule. The rule further provides that 
where the utility has provided some 
excess capacity, the individual is not 
entitled to refunds which might accrue 
from either continuous or lateral ex- 
tensions. Although the rule provides 
that a utility may charge an individual 
for not more than a 4-in. main, cir- 
cumstances may indicate that a 2-in. 
main would have been adequate to 
serve the individual and all interven- 
ing potential customers. To require 
an individual to pay for a 4-in. main 
when there is a possibility of obtaining 
a refund may be one thing, but where 
there is little or no possibility of a 
refund, a utility must be careful to 
charge the individual only the cost of 
a main which is adequate to serve the 
individual and any potential interven- 
ing customers. 


Fire Protection Service 


Other main extension problems have 
mainly involved the very small sub- 
divider, where relatively large mains 
were required by the utility in order 
to provide adequate fire protection. 
Through discussion with the fire pro- 
tection agency, such problems can usu- 
ally be brought to a settlement which 
may result by a simple relocation of 
proposed fire hydrants. The staff of 
the commission encourages the sub- 
divider and the utility to provide fire 
protection, but there are often alterna- 
tives which can save many dollars and, 
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at the same time, provide fire protec- 
tion service to the satisfaction of the 
local fire protection agency. 


Backup Facilities 


Some misunderstanding of the pur- 
pose and application of certain portions 
of the main extension rule has come to 
the commission’s attention. The rule 
provides that: “If additional facilities 
are required specifically to provide 
pressure or storage exclusively for the 
service requested, the cost of such fa- 
cilities may be included in the advance 
upon approval by the commission.” 
The misunderstanding has arisen with 
utilities which have not developed 
water supplies adequate for the growth 
in customer requirements and which, 
as a result, have been ordered to cease 
serving new subdivisions. On occasion 
they have assumed erroneously that 
it is the subdivider’s responsibility to 
develop needed additional water sup- 
plies. This results in the subdivider’s 
paying for the greater part of the cost, 
because the repayment of 22 per cent 
of revenue for 20 years was designed 
only to return the cost of mains, serv- 
ices, and fire hydrants over a period of 
20 years—not the cost of additional 
facilities. 


Rule Deviations 


If the commission has issued an 
order to cease serving new subdividers, 
the utility must petition the commis- 
sion for modification of such restrain- 
ing order when it believes it has de- 
veloped the necessary additional water 
to serve additional customers safely. 
In several instances, such petitions 
have included a request to deviate from 
the main extension rule for purposes 
of allowing the inclusion of storage or 
supply facilities in the subdivider’s ad- 
vance. It is easy to understand how 
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the utility feels—that is, that the sub- 
divider should advance the cost of some 
of these facilities because they are one 
of the primary sources of the continual 
pressure for increased investments in 
water facilities for a growing system. 
Within reasonable limits, however, the 
utility has a responsibility to provide 
the necessary supply and storage facili- 
ties in the area it undertakes to serve. 
The main extension rule was intended 
to provide for the complete repayment 
of subdividers’ main extension ad- 
vances if the subdivision development 
reaches a density of water customers 
not too different from that of the bal- 
ance of the water system for which the 
rates were established. The utility 
may limit its area of service to its cer- 
tificated area—or its presently dedi- 
cated area if larger—or, if the utility 
has a constitutional franchise because 


it or its predecessors were operating 
in this area before May 1, 1917, it may 
designate the area to which it will con- 
tinue to render service so long as all 
areas then served are within the area 


to which it wishes to limit service. A 
utility may extend service beyond such 
limits but, if it does so, service must 
be rendered under the same rates and 
rules that are in effect for its existing 
customers. 

During 1956, the commission re- 
ceived an application for authority to 
deviate from the main extension rule 
for a subdivision which was built upon 
filied ground. The utility felt that the 
maintenance of water mains in filled 
ground might be excessively costly 
both from the point of view of settling 
and from possible earthquake damage. 
The commission issued its decision ex 
parte in this matter, authorizing the 
utility to deviate from the main exten- 
sion rule as requested. Petition for 
rehearing was filed by another sub- 
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divider group planning a subdivision 
on filled land in the same general area. 
It was alleged that “a great deal of 
filled land in the marsh area in ques- 
tion as well as the rights of a substan- 
tial number of persons are involved.” 
A complete investigation and public 
hearing was asked to determine if any 
deviations from the filed main exten- 
sion rule should be authorized under 
these circumstances. After review 
early in 1957, the commission issued 
its order denying petitioner’s request 
for rehearing on the grounds that peti- 
tioners were not parties entitled to 
apply for rehearing. The commission 
did, however, reopen the matter so that 
“petitioners should have an oppor- 
tunity to be heard with respect to the 
subject matter.” 

During 1957, the commission re- 
ceived another application from the 
same utility for an order of the com- 
mission in settlement of a main exten- 
sion dispute involving service in the 
subdivision being developed by the 
above-mentioned petitioner. The is- 
sues in this application are not all the 
same as those requested in the appli- 
cant’s first application for a subdivision 
located on filled land. These matters 
have not yet been heard. 


New General Order 


“Rules Governing Water Service 
Including Minimum Standards for De- 
sign and Construction,” a general order 
of the commission, was issued by deci- 
sion on Jun. 12, 1956. The actual 
experience of many of the public and 
private water utility system owners 
and operators was of great assistance 
to those participating in the develop- 
ment of this general order and, to a 
great extent, accounts for its apparent 
success. 
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There are several provisions which 
would be of interest to every public 
water utility. At the commission the 
order is referred to mainly in connec- 
tion with applications for certificates 
of public convenience and necessity in 
the construction of new systems or 
the extension of existing ones. It then 
becomes the basis for evaluating the 
proposed installation or extension. 
The administration of this general 
order has so far caused no particular 
difficulties. 

Section 1 provides that its “pur- 
pose is to promote good public utility 
practices; to encourage efficiency and 
economy; and to establish minimum 
standards to be hereafter observed in 
the design, construction, and operation 
of water works facilities by water utili- 
ties operating under the jurisdiction of 
the commission.” It goes on to state 
that it is not the intent of the general 
order to require the replacement or 
abandonment of any utility water sys- 
tem “prior to the expiration of eco- 
nomic utilization of facilities in use” 
unless so directed for any facility found 
to be inadequate. This section also 
provides that each utility shall main- 
tain system maps and records contain- 
ing specified details. Certain portions 
of the general order apply to ditch 
systems. 

Both Sections 1 and 2 set forth the 
basis for many of the rules filed with 
the commission by water utilities, 
which rules govern their relations with 
their customers. Section 2—standards 
of service—also establishes the limits 
for operating and static pressures and 
requires that all public utility water 
systems have some means of measuring 
each source of water supply. 

Standards of design are covered in 
Section 3 which establishes certain 
minimum pipe sizes, water supply re- 
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quirements, and some general mate- 
rial specifications which include steel 
pipe coatings and linings and minimum 
gage requirements for wall thicknesses 
of steel pipe. Section 4—standards of 
construction—establishes that the mini- 
mum depth, with certain exceptions, is 
30 in. for mains and 18 in. for services. 
The installation of valves at regular 
intervals and the size of service pipes 
are also covered. 

The main extension rule ordered to 
be filed by each water utility under the 
commission’s jurisdiction is referred 
to in Section 5 in which is defined the 
responsibility of the utility and the 
customer with reference to service 
connections. 

Section 6—measurement of service 
—covers, in general, the subjects set 
forth in the rules filed with the com- 
mission by most privately owned utili- 
ties. One additional provision per- 
taining to the periodic testing of water 
meters provides that meters shall not 
remain in service longer than 10 years 
unless the utility makes a showing by 
letter that some other period is eco- 
nomically justified, and that any utility 
electing to determine some different 
period or periods for its system or sys- 
tems must so advise the commission 
before Jun. 30, 1957. It also provides 
that upon receipt of notice of such 
intention a utility has a 5-year period 
beyond the effective date of the order 
in which to show the necessity for 
selecting the different period. 

The commission’s general order en- 
titled “Filing and Posting of Tariff 
Schedules”—is referred to in Section 
7 and sets forth certain information 
which must appear on the billing 
forms. This section, as well as part 
of Section 6, sets forth the bases for 
other rules filed with the commission 
by water utilities under its jurisdiction. 
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Water Shortage Problems 


The commission’s staff has been 
concerned about the continued, rapid, 
and extensive expansion of several of 
the existing water utilities as well as 
by the question of granting certificates 
of public convenience and necessity to 
new utilities in areas where the water 
supplies are known to be extremely 
limited, deficient, or uneconomical to 
develop. A recently adopted general 
order goes into standards for service 
at considerable length in order to pro- 
vide new utilities with some minimum 
basis with which to gage and evaluate 
the water supply to be developed for 
their particular situation. Recent deci- 
sions have, on several occasions, re- 
quired water utilities to obtain first 
additional water supplies before under- 
taking to serve any new or additional 
subdivisions. A showing of adequacy 
has been required to be made by formal 
filing—many such filings having been 
supplementary to the case or applica- 
tion which initially established the re- 
striction. Proceedings of this nature 
have generally permitted the extension 
of service to individual applicants. The 
commission, however, now has an ap- 
plication from one of the larger utilities 
which asks that it not be required to 
serve any additional customers until 
such time as additional water supplies 
are brought into the area in such quan- 
tities that the maximum demands of 
all existing and potential customers 
within the present area of service have 
first been met. 

Some problems involving an appar- 
ent lack of water supply, upon analysis, 
turn out to result from no more than 
inadequate transmission or distribution 
system capacity or inadequate pumping 
facilities. Minimum distribution sys- 
tem requirements are also set forth in 
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the order for the purpose of providing 
design criteria which should result in 
a satisfactory water system. This pro- 
cedure of placing the utilities on notice 
by general order of the commission in 
advance of applying for authority to 
serve an area minimizes the possibility 
of rebuilding whole systems or por- 
tions of systems on the assumption by 
the utility that the service planned for 
would be satisfactory because it is in 
the public interest. 

A few public utilities within Cali- 
fornia seem to have more or less per- 
petual water shortage problems. The 
Public Utilities Code provides that the 
commission, after a hearing and a find- 
ing that the addition of more customers 
will injuriously reduce the supply of 
water to existing customers, may order 
that no additional customer be served 
until such an order is modified or va- 
cated. Such water shortage problems 
seem to be characteristic of two types of 
systems—those located in areas which 
have limited underground or surface 
water supplies, where it does not ap- 
pear to be economically feasible to 
bring water into the community and 
those in areas where underground or 
surface water supplies are available, 
but where rapid growth or poor man- 
agement has caused the existing fa- 
cilities to become inadequate. 

In either type, the result is the same 
and the commission must usually issue 
its order limiting the expansion of 
service until improvements can be in- 
stalled and placed in operation, until 
more water is developed locally, or 
until it is imported into the area. Most 
problems seem to fall in the second 
category—where water is available 
but has not been adequately developed. 
Usually, an order limiting service in 
such situations will require the im- 
provements necessary and provide for 
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modification of the order upon a suffi- 
cient showing that additional water 
supplies have been developed and now 
meet all requirements. The wide fluc- 
tuation in rainfall sometimes causes 
this problem and may be the factor 
which management has the most diffi- 
culty in properly considering. 


Conclusion 


It is recognized that the financing 
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caused by the existence of both pub- 
licly owned and privately owned water 
systems which operate side by side. 
Although the main extension rule is 
intended to relieve the privately owned 
water utility from the risks inherent 
in the development of subdivisions, the 
large-scale developments throughout 
California have resulted in the use of 
the main extension rule by the utilities 
as a means for financing over half the 


cost of the additions to many of the 
smaller water systems. 


of small water utilities is a major prob- 
lem and also that some confusion is 


Revision of Standard for Steel Pipe Fitting Dimensions 
(AWWA C208) 


On Dec. 31, 1957, the AWWA Board of Directors approved the following 
revisions to AWWA C208-55T—Standard for Dimensions for Steel Water 
Pipe Fittings : 

The following paragraph is to be added to the explanatory material preceding 
the tables and drawings: 


Weight. The weight of plain-end fittings shown in Tables 1 and 2 can be 
determined by multiplying the length of the fitting as given in the tables by the 
weight per foot of straight pipe of the same size and thickness. 


In Table 2, under “Elbows,” the columns headed “R2,” “R3,” and “R#” 
are to be omitted, and the words “or R5” are to be deleted from the “Q” column. 
In the footnote to Table 2, the sentence “Elbow radiuses are approximate” is to 
be omitted, and the following sentence is to be inserted at the end of the note: 


Six inches has been added to all ends of fittings for mechanical couplings. 


In addition, formulas are to be inserted in Fig. 1 and 2 to show the relation- 
ships between the elbow dimensions and their radiuses, and the drawings are to 
be clarified. 

The revised standard remains Tentative and will be designated “C208-57T.” 
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R years there have been popular 

misconceptions as to where and 
how gunite should be used in the con- 
struction of reservoirs. In this article, 
an attempt is made to show under what 
conditions gunite can be used to advan- 
tage, how it should be applied, and 
where it should not be used. The 
Gunite Contractors Association (1) 
defines gunite as “a proportional com- 
bination of sand and Portland cement 
which is mixed and pneumatically con- 
veyed in a dry state to a nozzle, where 
hydration takes place immediately prior 
to expulsion. The terms ‘pneumati- 
cally applied mortar’ and ‘pneumati- 
cally placed concrete’ are often used to 
describe gunite.” * 

For some reason, many people, other 
than engineers, have come to think of 
gunite as having such desirable proper- 
ties as absolute watertightness and a 
strength many times that of poured 
concrete. Actually, tests show that 
properly applied gunite is relatively 
watertight, if cracks do not develop, 
and has a compressive strength at the 
age of 28 days of 3,000-4,000 psi 
which is comparable to a good quality 
of poured concrete. Since gunite res- 
ervoir linings are generally only 24-34 


* Although “Gunite” is a trade name of 
the Cement Gun Co., Allentown, Pa., the 
word is often used as a common noun in 
the construction industry. 


Use of Gunite in Reservoir Construction 


Russell C. Kenmir 


A paper presented on Nov. 1, 1957, at the California Section Meeting, 
San Jose, Calif., by Russell C. Kenmir, Chief. Engr., James M. Mont- 
gomery, Cons. Engr., Pasadena, Calif. 
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in. thick, the gunite cannot possibly 
have very much strength when sub- 
jected to beam action, such as takes ~ 
place at soft spots in the subgrade or 
where the gunite is placed on sub- 
grades composed of expansive soils. 

One of the most common character- 
istics of gunite linings is the tendency 
for the material to crack badly upon 
drying out. In reservoirs where the 
water surface is kept considerably 
below the high-water level for long 
periods, the lining is especially sus- 
ceptible to cracking. Such cracking 
can be minimized by providing an ade- 
quate amount of reinforcement steel, 
by using weakened plane joints to per- 
mit contractions, by using great care 
in the curing of the gunite, and by fill- 
ing the reservoir promptly after the 
curing period. 


Concepts of Reservoir Design 


In order to determine where gunite 
linings may be used to advantage and 
at the same time recognize the limi- 
tations of this type of lining, it is neces- 
sary to understand certain basic con- 
cepts in reservoir design. 

Although vertical-wall reservoirs 
are generally regarded as being more 
durable than sloping-side reservoirs, 
they are considerably more expensive. 
Therefore, due primarily to economic 
reasons, the sloping-side reservoir is 
much more common in mild climates 
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than vertical-wall reservoirs. In cold 
climates, where protection against frost 
must be considered, this is not neces- 
sarily true. 

Sloping-side reservoirs may be of 
the so-called cut-and-fill type, con- 
structed in such a way that the quan- 
tity of earth that is excavated approxi- 
mates the quantity of earth required 
for the compacted embankment; or 
sloping-side reservoirs may be con- 
structed entirely in cut with the exca- 
vated material wasted. 

In any sloping-side reservoir, the 
lining should not be considered as a 
structural member. It serves as a 
protection against erosion and as a 
means of facilitating cleaning the res- 
ervoir. In reservoirs with impervious 
linings, the lining, of course, serves 
also as a means of insuring water- 
tightness. If the lining were made 
heavy enough to perform as a struc- 
tural member, it would increase the 
cost to such an extent that the usual 
economy in a sloping side reservoir 
would be lost. 

Since no lining should be considered 
as absolutely watertight, the earth sub- 
grade upon which the lining is placed 
should be firm enough when saturated 
to support without excessive deflection 
the load imposed by the water when 
the reservoir is full. Since most soils 
in their natural state have low bearing 
values when saturated, it is generally 
necessary, in order to provide proper 
support for the lining, to overexcavate 
the bottom and the cut portions of the 
sides and construct a compacted blan- 
ket. Reservoir embankments are in 
effect small dams and should be stable 
without reliance upon the lining. 

Two general types of lining are used 
in sloping-side reservoirs, pervious 
and impervious. With the pervious 
type, a relatively impervious earth 
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blanket over the entire bottom and 
slopes is relied upon for w4tertight- 
ness. Since underdrains are not gen- 
erally used with this type of lining, 
the lining is made porous to relieve the 
hydrostatic pressure back of the lining 
at times when the water level in the 
reservoir is drawn down quickly. 
Where gunite is used as the lining, 
the required porosity may be obtained 
by perforating the lining. The per- 
forations usually consist of 2-in. holes 
spaced about 5-10 ft apart both ways. 

With the impervious type, the lining 
alone is relied upon for watertightness. 
If the subgrade is relatively impervi- 
ous, underdrains usually are provided 
in order to relieve the hydrostatic pres- 
sure that may build up back of the 
lining as a result of a small amount of 
leakage over a long period of time. 
Generally speaking, underdrains are 
not provided if the subgrade is suffi- 
ciently permeable to absorb the prob- 
able maximum leakage. Impervious 
gunite linings should not be placed on 
expansive soils, such as adobe, for the 
reason that such materials swell when 
they become wet. The degree of 
swelling is a function of the degree of 
compaction—the greater the compac- 
tion, the greater the swelling when 
saturated. Since normal construction 
methods cannot insure absolute uni- 
formity in the degree of .ompaction, 
the swelling which follows the satura- 
tion of soils of this type is far from 
uniform. This irregular swelling of 
the subgrade produces very severe 
stresses in the thin gunite lining and 
usually results in serious and exten- 
sive cracking. 


Conditions of Use 


Throughout the western states, there 
are a great many gunite-lined reser- 
voirs in use today. In areas where 
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the embankments are found to be stable 
on steep slopes and at the same time 
are relatively impervious, gunite has 
a great economic advantage over other 
competitive materials. Some of the 
large covered reservoirs in the water 
distribution system of San Diego, 
Calif., are examples of this type of con- 
struction, with embankments for these 
reservoirs on slopes as steep as 14:1. 


Two large uncovered distribution res- 
ervoirs built by the Metropolitan 
Water District of Southern California 
are examples of those with embank- 
ments on 3:1 slopes. Figures 1-3 il- 
lustrate construction and one of the 
completed reservoirs. 

In large reservoirs located in areas 
where the climate is mild and where 
it has been necessary to use 2:1 or 
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flatter slopes in order to insure stability 
of the embankments, porous asphaltic 
concrete has been used extensively in 
place of gunite because of the lower 
cost of asphaltic concrete. In cold cli- 
mates, it is doubtful whether porous 
asphaltic concrete would be very dura- 
ble because of the freezing and thaw- 
ing action. In small reservoirs it is 
difficult to maneuver spreading and 


Fig. 1. Orange County Reservoir, Brea, Calif. 
Workmen are shown applying the gunite lining. 


rolling equipment. For this reason, 
porous asphaltic concrete offers little 
competition to gunite in the smaller 
reservoirs, such as those having capaci- 
ties of 1-3 mil gal. Gunite has practi- 
cally no competition with other mate- 
rials in swimming pool construction. 

Poured concrete has become more 
competitive with gunite in connection 
with sloping-side reservoirs, as a re- 
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sult of recently developed equipment 
and materials. With the development 
of improved vibrating screeds, poured 
concrete can be placed on slopes as 
steep as 2:1 with reasonable assurance 
that the concrete will be dense and 
free from rock pockets. Watertight- 
ness at joints between concrete panels 
is more easily achieved now because of 
the excellent sealing materials which 
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asphaltic filler sandwiched between 
them. It can be obtained in thick- 
nesses of } in. and 4 in. The material 
can be laid directly on a carefully pre- 
pared and smooth subgrade. As far 
as cost is concerned, this material is 
competitive with 2}-3-in. gunite or 
4-in. poured concrete. This material 
competes with gunite in sealing leaky 
reservoirs if the surfaces on which it 


Fig. 2. Construction of Palos Verdes Reservoir, San Pedro, Calif. 


This view shows applications of gunite in various sections of the sloping side. 


are available, including a variety of 
rubber and plastic waterstops for em- 
bedding in the concrete, and a synthetic 
rubber sealant (polysulfide polymer) 
for filling joint grooves. 

Another competitive lining material 
which has become available in recent 
years is the so-called “asphaltic panel” 
or “asphalt plank.” This material con- 
sists of two layers of felt, with a special 


is to be laid are fairly uniform and free 
from spalling. If the surfaces require 
a great deal of repair, then gunite 
should be less expensive for this 


purpose. 
Construction Methods 


In the design and construction of 
gunite-lined reservoirs, several factors 


should be taken into account. First, 


— 
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test bofings should be made and a 
foundatibn report should be prepared 
by a cOmpetent foundation engineer 
who is experienced in reservoir con- 
struction. The test borings should ex- 
tend 10-20 ft below the bottom of the 
reservoit. The report should include 


logs of the borings, physical character- 
istics of undisturbed samples of the 
soil, determination of shear strength, 
consolidation, compaction, percolation 
rate, moisture content, and density. 
The shear and consolidation tests 
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are relatively impervious when com- 
pacted, then a pervious lining could be 
expected to give the most economical 
design. If the natural soils found on 
the site are not relatively impervious 
when compacted, then it is advisable 
to make a cost comparison between 
pervious and impervious linings. The 
cost estimate for the pervious lining 
should include the cost of the embank- 
ment, including the compacted imper- 
vious earth blanket, and the lining it- 
self. The cost estimate for the im- 


Fig. 3. Completed Palos Verdes Reservoir 


This view shows the 3:1 slope on the embankments, which were lined with gunite. 


should be made at the natural mois- 
ture content and at saturated moisture 
content. The foundation report should 
indicate the steepest slope on which the 
embankments would be stable. It is 
generally a good idea to give considera- 
tion in the report to the possibility of 
using either a pervious or an imper- 
vious lining in order that comparative 
estimates of the two types of construc- 
tion may be prepared. 

If the natural soils found on the site 


pervious lining should include the cost 
of the embankment, the lining itself, 
and any underdrains which may be 
necessary. 

Regardless of which type of lining 
is used, the compaction of all embank- 
ments should be given close attention. 
Compaction tests should be made by 
qualified technicians as the work pro- 
gresses, and records of all tests should 
be filed. Any piping passing through 
or under the embankments should be 
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pressure tested and then encased in 
concrete. The encasement should 
cover the full width of the trench, and 
adequate cutoff walls should be pro- 
vided. In order to provide a firm 
foundation for the lining, it is desirable 
to overexcavate the bottom and sides 
and backfill with compacted earth. 
Where the sides are overexcavated, the 
degree of overexcavation should be 
sufficient to permit small equipment to 
place and compact the backfill in hori- 
zontal layers. The backfill should be 
overbuilt at least 1 ft, measured at 
right angles with the slope, and then 
bladed off to the required grade. 

If a pervious lining is selected, 2}-in. 
gunite with only a nominal amount of 
reinforcing—about 0.25 per cent of 
the cross-sectional area in each direc- 
tion—would generally be satisfactory. 
Since shrinkage cracks are of no par- 
ticular consequence in a pervious lin- 
ing, no weakened-plane joints with 
rubber sealant are necessary. Two- 
inch diameter perforations on 5—10-ft 
centers both ways are usually provided 
in a gunite lining intended to be pervi- 
ous, in order to relieve the hydrostatic 
pressure back of the lining which might 
exist upon rapid lowering of the water 
surface. At each perforation, it is de- 
sirable to overexcavate the subgrade 
and place beneath the lining a block 
of porous concrete about 1 ft square 
and 4 in. thick to serve as a filter and 
thus prevent gradual erosion of the 
subgrade. 

If an impervious gunite lining is 
selected, it should be very carefully 
designed. Unless the subgrade is quite 
pervious, it is advisable to provide an 
underdrain beneath the floor near the 
toe of the slope to prevent the possi- 
bility of hydrostatic pressure build-up 
in back of the lining. Such an under- 
drain should be designed to operate ef- 
fectively as a filter. Unless this is 
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done, there is always the possibility 
that a bad leak may result in washing 
the earth subgrade out through the 
underdrain, and thus undermining the 
reservoir. The thickness of the im- 
pervious gunite lining should be 3-4 
in., and the steel reinforcement should 
be about 0.5 per cent of the cross- 
sectional area in each direction. 

Reinforcement consisting of a com- 
bination of small bars, widely spaced, 
and wire mesh has some advantage 
over wire mesh alone, because it is 
more easily held in proper position. 
Where bars are used, however, the 
nozzleman must be careful to avoid 
occlusions of rebound beneath and 
along the sides of the bars. Weakened- 
plane joints, spaced about 20 ft apart 
in both directions, should be provided, 
and the joints should be sealed with 
rubber sealant. Although many people 
experienced in the use of gunite pre- 
fer to carry the reinforcement across 
all joints, the Portland Cement Asso- 
ciation recommends against this. The 
author is of the opinion that if joints 
are provided, the reinforcement across 
the joints should be discontinuous. 


Repair 


Gunite has proved to be a very ef- 
fective method of rehabilitating old 
reservoirs. For example, the Fontana 
Union Water Co. in California not only 
relined its old reservoir with gunite, 
but also increased the capacity by con- 
structing a vertical cantilever wall of 
the material (see cover picture). 

In the repair of old concrete- or 
gunite-lined reservoirs, there are very 
often loose plastered coatings and 
chunks of concrete that must be re- 
moved. Also, after all loose material 
has been removed, there usually re- 
main numerous depressions which 
should be cleaned and filled with gunite 
or mortar. There is a difference of 
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opinion among engineers and contrac- 
tors as to whether a new gunite lining 
in an old reservoir should be bonded 
to the old concrete. The Portland Ce- 
ment Association favors breaking the 
bond. This can be done easily by 
spraying asphalt emulsion on the sur- 
faces after all depressions have been 
carefully filled. If the bond is not 
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broken, cracks are likely to appear in 
the new lining in the same locations 
as the cracks in the old lining. The 
remainder of the work should be done 
in the same manner as for new linings. 


Reference 


1. Gunite Specifications and Recommended 
Practice, Brochure G—55-57, Gunite 
Contractors Assn., Los Angeles, Calif. 


Typical Gunite Specifications 


Typical specifications for gunite work 
as recommended by the Gunite Contrac- 
tors Assn. are summarized as follows: 

1. Proportions of cement and sand 
based on dry and loose volume: 1:4}. 

2. Cement: Type I or Type II, ASTM 
C-150. 

3. Sand: 

a. Deleterious substances: 
than 5 per cent by weight. 

b. Fineness modulus: 2.7 to 3.3. 

c. Grading: 


not more 


Percentage 
Size Sieve by weight 
Passing in. 100 
Passing No. 4 97-100 
Passing No. 8 79-85 
Passing No. 16 60-73 
Passing No. 30 36-47 
Passing No. 50 10-20 
Passing No. 100 04 
d. Moisture content: 3-6 per cent. 


(sand and cement proportions should be 
corrected to provide for bulkage due to 
sand moisture content). 

4. Minimum water pressure at nozzle: 
15 psi above air pressure at nozzle. 

5. Steel reinforcement : 

a. Minimum area: 0.25 per cent of 
cross-sectional area in each direction. 

b. Bar spacing: 2} in. clear between 
bars. 

c. Minimum lap of wire mesh: One 
mesh. 

6. Minimum air pressure at nozzle: 

a. Hose length up to 100 ft: 45 psi. 

b. Hose length in excess of 100 ft: 
5 psi for each additional 50 ft. 


7. Rebound: May be reused as sand in 
quantity not to exceed 20 per cent of total 
sand requirement. 

8. Construction joints: To be sloped 
to a thin edge and the edge thoroughly 
wetted before adjacent section of gunite 
placed. No square joints permitted. 

9. Curing: To be damp cured for at 
least 5 days* after placing or may be 
cured by approved sealing compound. 

10. Tests: Compression tests to be 
made on specially constructed 6-in. diam- 
eter by 12-in. high cylinders formed with 
?-in. square mesh hardware cloth. Cylin- 
ders to be shot with same air pressure, 
nozzle tip, and hydration as gunite in 
structure. Hardware cloth forms to be 
removed 24 hr after cylinders made, 
stored and tested in accordance with 
ASTM designation C-39. Required 
minimum strength at 7 days: 2,400 psi. 
Required minimum strength at 28 days: 
3,000 psi. 

11. Placing: Except when enclosing 
reinforcing steel, nozzle to be held at 
right angles to surface and at distances 
of 23-34 ft from surface being gunited. 


*The author favors a 7-day water cure 
with no alternate for a curing by a sealing 
compound. For reservoir linings that are 
intended to be impervious, it is a good plan 
to sprinkle the gunite daily until the reser- 
voir is filled with water, in order to reduce 
the possibility of shrinkage cracks deveioping. 

In reservoir construction, a wood float 
finish of the gunite usually is considered 
satisfactory. 
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R those charged with the task of 

unraveling a mystery—and the 
behavior of rivers often is mysterious 
—the attitudes of police detectives pro- 
vide inspiration. Detectives rely upon 
relentless insistence and determination 
to get the facts. Likewise, those en- 
gaged with the mysteries of water pol- 
lution control also need the facts. Al- 
though the techniques for getting them 
may differ somewhat from those em- 
ployed by detectives, success requires 
the application of similar qualities of 
determination, ingenuity, and painstak- 
ing attention to detail. 

The purpose of this article is to de- 
scribe how the Ohio River Valley Water 
Sanitation Commission (ORSANCO) 
has gone about the task of getting some 
basic data on quality conditions and 
flow variations. Because of current 
interest in establishing a national net- 
work of river quality stations, it was 


suggested that it might be useful to | 


outline the commission’s experiences 
with a monitor program that is now 
in its sixth year of development. In 
so doing, the following aspects of the 
program will be described: [1] gene- 
sis of the ORSANCO project; [2] 
methods of operation; [3] special 
monitoring activities; [4] assembly 


and evaluation of data; and [5] cost 


information. 
The Ohio River Valley Water Sani- 
tation Commission 


is an interstate 
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agency, established in 1948 by a com- 
pact among the states of Illinois, Indi- 
ana, Ohio, Pennsylvania, New York, 
Virginia, West Virginia, and Ken- 
tucky. These eight states pledged a 
pooling of their resources and their 
police powers in a regional crusade 
for clean waters. To carry out this 
purpose a commission was created, 
consisting of three representatives 
from each state appointed by the gov- 
ernor of the state, and three repre- 
sentatives from the federal government 
appointed by the President of the 
United States. 

The role of the commissioners is to 
promulgate interstate waste control 
regulations and to assert such powers 
as may be necessary for the enforce- 
ment of obligations outlined by the 
compact. For administration of com- 
mission functions, the eight states 
maintain a staff and headquarters at 
Cincinnati, the cost of which is as- 
sessed on a proportionate basis among 
them. The annual budget of the Com- 
mission for the past 2 years was 
$130,000; for the preceding 5 years, 
it was $100,000 annually. 


Monitoring Project 

The water quality monitoring proj- 
ect had its genesis in the fali of 1951. 
At that time the executive director re- 
quested commission authorization to 
initiate procedures for securing river 
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quality and flow information on a con- 
tinuous and systematic basis. It was 
pointed out that in dealing with a dy- 
namic river system like the Ohio— 
which includes 1,000 mi of main stem 
and 19 major tributaries—occasional 
stream surveys would hardly suffice 
for a proper diagnosis of quality condi- 
tions and the formulation of control 
measures. Furthermore, since there 
are thousands of industries and mu- 
nicipalities discharging wastes into the 
river system at various points, the 
problem of checking compliance with 
control requirements called for con- 
sideration of a systematic surveillance 
of stream conditions. And finally, 


through routine observation of quality 
variations at selected points on the 
river, it would be possible to institute 
a system for alerting downstream 
water users of abnormal conditions, as 
well as fixing responsibility for their 


origin. 

From these considerations emerged 
the idea of establishing a network of 
monitor stations whose activities would 
be coordinated to produce a diary of 
facts about the river. How this ideal 
conception might be realized within the 
limitations of a small budget was some- 
thing else. Thus, armed with more 
enthusiasm than money, the staff in- 
vited the interest of eleven managers 
of public and private water utility 
plants situated at strategic spots along 
the Ohio River. These men displayed 
a generous concern with river water 
quality—so generous, in fact, that they 
responded to an appeal to serve as vol- 
unteer, unpaid monitors. 

This resulted in the organization, on 
Jan. 7, 1952, of the Water Users Com- 
mittee of the commission and the 
formal beginning of the ORSANCO 
river quality monitor project. Each 
member of the committee agreed to 
furnish a twice-weekly analysis of 
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Ohio River water; all this, and much 
more, has been faithfully done for the 
past 6 years and still continues. Inci- 
dentally, operations of the committee, 
which meets every 3 months with the 
staff for exchange of experiences on 
quality conditions, has been kept within 
the $1,000 allotted annually in the com- 
mission budget for this committee. 
The commission acknowledges with the 
greatest pride the contribution that has 
been made by the Water Users Com- 
mittee, and looks upon its efforts as 
one of the most fruitful undertakings 
in the Ohio Valley program. 

Two years after the volunteer moni- 
tor project had been initiated and its 
usefulness demonstrated, the commis- 
sion budget permitted execution of the 
next step in the program. This was the 
establishment of six additional monitor 
stations near state lines and other stra- 
tegic points where water plants are not 
located. The extension was made pos- 
sible through a cooperative-contract 
arrangement with the US Geological 
Survey, whose long-time activity in 
basic-data assembly was a source of 
admiration and inspiration to the com- 
mission. The $5,000 made available 
by ORSANCO was matched with an 
equal sum by the USGS, and the six 
additional monitor stations were placed 
in operation in 1954. 

In October 1955, the USGS con- 
tract was amplified to include analyses 
during low-flow months for certain 
trace constituents, notably in the heavy 
metals groups, at three places in the 
Ohio River. All of the USGS stations 
are located to take advantage of a 
happy arrangement with the Ohio 
River Division of the US Corps of 
Engineers, through which ORSANCO 
samples are collected by lock-and-dam 
personnel. 

Beginning in October 1956, the co- 
operative agreement with the USGS 
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increased the number of stations from 
six to fifteen, bringing into operation 
nine additional stations on tributary 
streams. The USGS also maintains 
cooperative studies with the states of 
Kentucky, Ohio, and Pennsylvania. 
By coordination of these operations, 
data is secured from a total of 28 sta- 
tions on the Ohio River and on tribu- 
tary streams, thus providing multiple- 
purpose use of the results. 

To sum up, data are now being se- 
cured from a network of stations at 43 
locations. Fifteen of these stations are 
serviced by an enlarged Water Users 
Committee, and the remainder under 
the cooperative agreements with the 
USGS. 


Methods of Operation 


Keeping the diary of a river calls for 
a coordination of activities. This was 
initially undertaken by Robert K. Hor- 
ton, assistant director of ORSANCO, 
and for the past year has been carried 
forward under the supervision of one 
of the authors, David A. Robertson 
Jr. Advice on many phases of the 
work is supplied by Harold W. 
Streeter, who serves as staff consultant. 

Activities of the volunteer monitor 
stations are coordinated through the 
Water Users Committee. The mem- 
bers of the committee, each of whom 
operates one or more stations, meet 
every 3 months. This provides oppor- 
tunity for discussion of analytical tech- 
niques, review of observations, and ex- 
change of experiences. In addition, 
it offers a unique opportunity for 
ORSANCO staff members to become 
intimately acquainted with treatment 
problems at municipal and industrial 
plants as revealed by men who are 
concerned with the daily task of proc- 
essing river water. This is an impor- 
tant dividend, since it provides the 
staff with practical background for the 
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interpretation of the analytical data 
supplied by the committee members. 

Wher. abnormal situations occur on 
the river—as evidenced by a spill, de- 
tection of a slug of waste, or a fish kill 
—members of the committee alert 
ORSANCO headquarters by tele- 
phone. In turn, the headquarters 
keeps the monitor stations informed 
of unusual conditions. In this fashion 
a patrol system of great usefulness has 
been established. It serves two im- 
portant purposes, providing a means 
for alerting downstream water plants 
of potential difficulties so that steps 
can be taken to cope with the situ- 
ation, and facilitating the task of find- 
ing out where the trouble originated 
so that steps can be taken to prevent 
a recurrence. 

There have been several occasions 
where the Water Users Committee 
monitor stations made it possible to 
bracket quickly a stretch of river and 
pin down responsibility for trouble- 
some situations. One of these involved 
a thoughtless plant manager who or- 
dered the bypassing of a recovery unit 
in order to make some repairs, with 
the resultant discharge of several thou- 
sand pounds of phenolic wastes and 
the temporary ruination of a water 
supply; prompt notification to down- 
stream users about this slug of waste 
helped to minimize trouble at other 
places. Another incident concerned a 
shift foreman who shut down his op- 
erations one night but forgot to stop a 
pump that was filling storage tanks 
with oil. The tank began overflowing 
into a creek leading to the Ohio River. 
The following day a boat club notified 
the commission office that the river was 
a mess. The source of discharge was 
thus bracketed between two monitor 
stations and the information relayed 
to the appropriate state agency, whose 
field inspector found the location and 
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had the pumping stopped. It has been 
noted from experience in the Ohio 
Valley that virtually all spills, abnor- 
mal discharges, and other troubles 
occur between 5:00 pm on Friday eve- 
nings and noon on Saturdays. 

The above is an accounting of the 
manner in which the volunteer monitor 
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personnel at the navigation locks and 
train them in the art of taking samples. 
Samples from other stations are se- 
cured through a contract arrangement 
with a local resident. 

Samples are collected by a truck 
operating from the Columbus, Ohio, 
laboratory of the USGS, which makes 
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stations function. Concerning the 
USGS, at nine of their stations an ar- 
rangement has been made with the US 
Corps of Engineers for collection of 
samples. The Ohio River and some 
of its tributaries are fitted with naviga- 
tion locks and dams, which are per- 
manently manned. The sympathetic 
interest of the Corps of Engineers 
made it possible to secure the aid of 


Pig. 1. Samples of Tabulation Sheets 


Shown above are three typical forms for recording analytical and flow information 
from the sampling points along the Ohio River. 


the rounds on a semimonthly schedule. 
At a few remote stations where the 
extension of this routine pick-up serv- 
ice would be costly, the samples are 
shipped by rail. 

In the Columbus laboratory, a meas- 
urement of specific conductance is first 
made on each of the daily samples to 
provide a quick check on the day-by- 
day variation, if any, in quality. The 
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daily samples are then made up into 
10-day composites for analysis; the se- 
lection of 10-day composite samples 
for analytical purposes was arrived at 
after weighing such factors as normal 
quality variations and cost. 

The foregoing routine for delivery 
and analysis applies to samples col- 
lected for mineral analysis. Samples 
for constituents that have a “die-away” 
characteristic, such as cyanides and 
phenols, are collected and analyzed 
individually by special arrangements. 
These samples are chemically fixed at 
the time of collection and then sent 
by mail to the Columbus laboratory. 

All of the USGS analytical deter- 
minations, except those for certain 
Pennsylvania stations, are made under 
the direction of William L. Lamar, dis- 
trict chemist of the Quality of Water 
Branch office at Columbus. The Penn- 
sylvania analyses are supplied by 
N. H. Beamer, USGS district chemist 
at Philadelphia. 

An important contribution to the 
ORSANCO monitoring program is a 
special service rendered by the Surface 
Water Branch of the USGS. Provi- 
sional information on river flows is 
supplied in advance of publication from 
five Ohio River gaging stations. 


Evaluation of Data 


Because of the operation of the moni- 
tor stations, it is possible to have a 
thorough collection of data. The com- 
pilation and evaluation of the data con- 
stitutes a major staff activity. 

The analytical and flow information 
for each station and for each calendar 
year of record is consolidated on a 
single tabulation sheet. For this pur- 
pose, and after considerable experi- 
mentation and discussion with the 
USGS office at Columbus, a form was 
devised that is believed to combine 
several virtues, including legibility, 
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uniformity of reference arrangement, 
adaptability for reproduction in book 
form, and production on a readily 
available office typewriter. The ma- 
chine chosen for this work was a 20-in. 
carriage electric typewriter, fitted with 
a typeface known as Mid Century. 
This particular type has number char- 
acters that are relatively long and thin, 
and they are easy to read when re- 
duced in size. The care exercised in 
selecting the machine and typeface 
for this work resulted from the knowl- 
edge that having tabulations of this 
kind set up in a print shop would be 
quite costly. 

With slight variations, the same 
tabulation was adapted for compilation 
of data from the Water Users Commit- 
tee, and for the special analyses on 
heavy metals, cyanides, and phenols. 
Figure 1 shows portions of three of 
these sheets, each one adapted for a 
specific location. 

The size of the master sheet on 
which data are recorded is 133 x 18} 
in. This size lends itself, by propor- 
tionate reduction, to reproduction on 
a standard book or letter size page of 
84 X 11 in. 

The tabulation sheet incorporates a 
calendar year of record instead of that 
for the water year (October of one 
year through September of the next 
year) as used by the USGS. Two rea- 
sons dictated this decision. First, a 
calendar year record in the Ohio Val- 
ley district is more likely to include 
the seasonal low-flow period—a time 
when quality conditions would be at 
their worst—whereas a water year 
record is more likely to subdivide the 
low-flow period. Second, since the 
calendar year basis conforms with most 
other data records, it facilitates proc- 
essing and use of the quality informa- 
tion. It is generally more convenient 
to work with calendar year records. 
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From the basic data as recorded for 
each station and for each year it be- 
comes possible to make all manner of 
evaluations. For example, a current 
study of the staff relates to chloride 


E. J. CLEARY & D. A. ROBERTSON JR. 


Jour. AWWA 


lar studies are being made of hardness 
and phenols preparatory to making 
recommendations for control measures. 

Not the least important of the facts 
that are being derived from the basic 
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Fig. 2. Flow Duration Patterns for the Ohio River 


Curves indicate frequencies of occurrence for flows of various magnitudes at four 


gaging stations. Arrows indicate the computed average flows. 


Information was 


developed by ORSANCO from daily flow records of the USGS. 


conditions in the Ohio River. For this 
purpose, several charts were prepared 
from which it was possible to make an 
appraisal of river conditions based on 
a comprehensive array of facts. Simi- 


data is information on the ranges of ob- 
served water quality. What the story 
is for the Ohio River as revealed from 
the first 4 years of record is shown in 
Table 1. With such a compilation the 
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TABLE 1 


Four-Year Summary of 
Ohio River Water Quality 
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Monthly- 
Velen 
Item Value 
ppm 
Min. | Max. 
Alkalinity 
(as CaCO;) 2.0} 108.0} 142.0 
Aluminum 0.0; 0.3 0.6* 
Calcium 20.0} 58.0; 70.0* 
Chloride 6.7 | 126.0} 188.0 
Fluoride 0.0; 0.8 1.0 
Hardness (as CaCO;) 
Total 61.0 | 271.0} 353.0 
Noncarbonate 37.0 | 244.0} 342.0 
Iron 0.0; 24 5.0 
Magnesium 6.0} 17.0} 19.0* 
Manganese 0.0 1.2 2.0 
Nitrate 1.1 7.5 9.6* 
Potassium 1.4 4.6 5.8* 
Silica 3.0} 11.0} 19.0* 
Sodium 5.0} 40.0} 45.0* 
Solids (dissolved) 137.0 | 390.0| 440.0* 
Sulfate (as SO,) 37.0 | 362.0} 451.0 
Item and Unit 
Color—units 1.0} 29.0} 55.0* 
Odor—threshold 
number 1.0} 71.0} 200.0 
Phenols (as 
CsH;,OH)—ppb 1.0 |156+ | 200+ 
Specific conductance 
—pmhos 220.0 | 600.0 | 652.0* 
Turbidity—units 2.0 | 576.0 | 1,500.0 
* Based on 10-day composite results. 
TABLE 2 
Drought Severities Expected 
at Louisville, Ky. 
Daily Weeki 2 Werk 
cfs cfs cfs 
Most probable 
drought 7, 11,030 | 12,160 | 17,040 
Once in 5 years 6, 8,830 9,220 | 11,970 
Once in 7 years 5, 7,660 8,490 | 10,730 
Once in 10 years | 5, 6,980 7,740 9,440 
Once in 15 years | 4, 6,220 | 6,910 8,010 
Once in 20 years | 4, 5,690 | 6,340 7,020 


405 


commissioners of ORSANCO—and 
anyone else who wants the facts—can 
make a quick appraisal of water quality 
variations as revealed by minimum and 
maximum monthly averages and in 
terms of highest observed values. 
This range sheet will be revised from 
time to time to incorporate the latest 
findings. For those who require a 
more detailed summary on conditions, 
the yearly maximum, average, and 
minimum values for various constitu- 
ents at each station are shown on the 
individual tabulation sheets. 


Hydrographic Data 

Chemical and bacteriological data 
alone are not adequate, of course, for 
the evaluation of stream conditions. 
And no pollution control program can 
be rationally designed without knowl- 
edge of the availability of dilution 
water. Consequently, the diary of a 
river should incorporate flow data. 

Information on stream discharges is 
meticulously gathered by the USGS. 
From this wealth of data, studies can 
be made for the establishment of the 
flow-variability pattern of a stream, 
and particularly with regard to mini- 
mum flows. 

Such studies form part of the river 
monitor project of ORSANCO. One 
of these deals with the statistical distri- 
bution of all flows of record, and the 
information is presented in the form 
of duration curves. These curves es- 
tablish the patterns of variations of all 
flows from the lowest to the highest 
observed. A typical set of curves de- 
veloped from daily flow records is pre- 
sented in Fig. 2. This shows the fre- 
quency of occurrence for flows of vari- 
ous magnitudes at each of four gaging 
stations on the Ohio River. 

With the stream flow pattern de- 
picted in the form of a duration curve, 
it is possible to make rapid and accu- 
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rate estimates of the availability of di- 
lution waters—for example, to answer 
this question: For what percentage of 
time is the daily flow of the Ohio River 
at Sewickley 10,000 cfs or less? Ref- 
erence to the duration curve will show 
that this condition has occurred for 30 
per cent of the time during the 22 years 
of record. Further down-river, at 
Louisville, the appropriate duration 
curve shows that a flow of 100,000 cfs 
or less has been experienced for only 
4 per cent of the time. 


TABLE 3 


Minimum Flows at 
Louisville, 1934-55* 
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* Computed from daily and monthly discharge 
records of the USGS. 


Information of this kind not only is 
essential for an appraisal of control 
requirements, but is invaluable as part 
of the public record that can be made 
available to industries and their con- 
sulting engineers in locating plant sites. 

Duration curves have their limita- 
tions, however, as they reveal only the 
pattern of availability of dilution water 
based on all flows of record. In pollu- 
tion control practice, a primary con- 
cern is with minimum stream flow and 
its probability of occurrence. Hence, 
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the ORSANCO hydrographic studies 
are broadened to include an analysis 
of drought flow probabilities—specifi- 
cally, a determination of the minimum 
daily, weekly, 2-week, and monthly 
flows. 

Results from a typical drought flow 
analysis tabulation are shown in Tables 
2-4. Table 2 shows the flows com- 
puted for various drought-severity clas- 
sifications. Table 3 lists the observed 
minimum daily flow for each year and 
with it the computed value for various 
time intervals. Table 4 shows the 
flows augmented by the appropriate 
increment of flow resulting from dis- 
charge of water from upstream, 
multiple-purpose reservoirs operated 
under direction of the US Corps of 
Engineers. 

The drought-flow studies, which 
were developed by David Robertson, 
are based on the statistical theory of 
extreme values developed by E. J. 
Gumbel (1). Briefly, this called for 
arranging, in order of descending mag- 
nitude, the minimum flow for each year 
of record. The next step was to com- 
pute the percentage of time in years 
that each flow value was exceeded in 
magnitude. The flows were then 
plotted against percentage-of-time oc- 
currence in years on a special graph 
paper developed by Gumbel ; the virtue 
of this graph paper is such as to secure 
a linear relation between minimum- 
flow magnitude and probable frequency 
of occurrence. 


Radiation Monitoring 

During the past year, and in gen- 
erous response to a resolution from the 
commission requesting the aid of the 
USPHS, experts from the Robert A. 
Taft Engineering Center have been 
conducting a background radiation 
survey. This important supplement to 
the ORSANCO quality monitor pro- 


Two Month 
Year | aS Weeks of Min. 
cfs cfs Flow 
1934 10,090 | 16,200 Jul. 
, 1935 13,210 | 16,800 Oct. 
7 1936 8,370 15,010 Sep. 
1937 10,720 | 33,420 Sep. 
1938 10,260 12,270 Oct. 
1939 7,740 8,590 Sep. 
1940 10,950 12,930 Oct. 
1941 | 8,470 16,190 Oct. 
: 1942 | 27,590 | 33,720 | Sep. 
1943 | 6,880 12,450 Oct. 
1944 | 10,020 | 13.440 | Aug. 
f 1945 16,390 | 34,310 = 
1946 9,970 | 11,050 Dp. 
1947 14,630 | 16,050 Oct. 
1948 12,760 | 17,650 Sep. 
: 1949 17,390 | 18,950 Oct. 
1950 29,710 | 37,000 Auge 
1951 ) 11,640 | 12,350 Oct. 
1952 ,530 8,470 9,760 Oct. 
1953 6,050 6,800 7,320 
1954 0,200 | 11,640 | 20,480 
1955 8,210 8,560 | 11,740 
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gram provides for assay of gross radio- 
activity at thirteen sampling points on 
the Ohio River and at 21 locations on 
tributaries. Additional water sampling 
is contemplated together with analysis 
of river muds and stream biota. 

On the Ohio River, in the vicinity 
of the Shippingport, Pa., site of the 
first nuclear-energy electric generating 


TABLE 4 


Augmented Minimum Flows 
at Louisville* 


Two 
Weeks 
os 


11,500 
14,620 
9,780 
12,130 
11,330 
8,810 
12,020 
9,540 
28,660 
7,780 
10,720 
17,090 
10,670 
15,330 
12,960 
17,590 
29,910 
11,840 
8,670 
6,800 
11,640 
8,560 


Week 
ofs 


Year 


1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


10,300 
14,010 
9,410 
11,120 
10,110 
7,470 
11,170 
8,460 
21,010 
7,330 
10,280 
15,190 
8,610 
13,100 
11,660 
15,770 
25,770 
11,060 
7,730 
6,050 
10,200 
8,210 


See Sow from reservoirs in upper watershed of 


station, the Atomic Energy Commis- 
sion has been conducting a preopera- 
tional monitoring program. After the 
start of operations the site monitoring 
is to be continued by the Duquesne 
Light Co. 

Additional radiation monitoring in 
the Ohio Valley is being undertaken 
by several of the states. Two of the 
states—Ohio and Indiana—have had 
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monitoring programs underway for at 
least a year. 


Costs 


The collection and analysis of stream 
samples to secure data on water quality 
conditions is generally conceded to be 
one of the more costly elements of a 
water pollution control program. It is 
not unusual for single stream surveys 
of only a few months’ duration and of 
limited scope to range in cost from 
$10,000 to more than $75,000. What 
then, is the cost of conducting a moni- 
tor program to provide a continuous 
and systematic record of stream quality 
conditions ? 

Cost information from the OR- 
SANCO monitor program may be 
helpful to other agencies in making 
such an evaluation. Table 5 is a sum- 
mary covering the first 4 years of rec- 
ord. Since the number of stations, as 
well as the number of months they 
were in operation, varied from year to 
year, the comparisons have been pre- 
pared on a “station-month” basis. 

In developing this program OR- 
SANCO enlisted the volunteer efforts 
of water utility managers in securing 
data; the value placed on this effort is 
equivalent to what is estimated to be 
the cost if the analytical work had been 
contracted to a private laboratory. 
The USGS participation in the pro- 
gram is on a matching basis—thus, for 
every dollar of work contracted by 
ORSANCO, the USGS adds a dollar’s 
worth of service. 

Depending on the number and type 
of analyses made, the yearly cost of 

rating a monitor station can vary 
from $1,000 (the lowest value placed 
on data supplied from a Water Users 
Committee station) to $3,700 (the 
highest value placed on data from a 
USGS station). The analyses made 
at the lowest-cost station include: tur- 


Calendar 
6,310 17,610 
12,010 18,210 | 
7,560 16,420 ; 
5,500 34,830 
5,670 13,340 
6,270 9,660 
8,270 14,000 
6,430 17,260 ; 
16,270 34,790 
6,200 13,350 
9,820 14,140 
11,400 35,010 | 
6,200 11,750 7 
10,430 16,750 
5,980 17,850 
11,200 19,150 4 
18,200 37,200 
6,200 12,550 
6,620 9,960 
4,220 7,320 
8,600 20,480 
7,130 | 11,740 
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bidity, threshold odor, alkalinity, pH, 
and hardness. Analyses at the highest- 
cost station include: silica, aluminum, 
iron, manganese, calcium, magnesium, 
sodium, potassium, bicarbonate, sul- 
fate, chloride, fluoride, nitrate, dis- 
solved solids, hardness, specific con- 
ductance, pH, color, chromium, nickel, 
copper, lead, zinc, cobalt, arsenic, cad- 
mium, phenols, cyanides, and acidity— 
a total of 29. 

The value placed on each sample for 
collection and analysis varies from $10 
for five constituents (the analyses for 
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Publication of Data 


Although the primary purpose of 
compiling stream quality and flow data 
is to provide essential facts to guide 
the operations of a water pollution con- 
trol agency, such data obviously are 
invaluable for many other phases of 
water resources planning. And such 
a compilation is of special usefulness 
to industrial interests and consulting 
engineers in matters relating to site 
location. 

For these and other reasons, it is 
desirable to contemplate the publica- 


TABLE 5 
Four-Year Summary of Monitor Station Costs 
Costs—$ 
ants 1952 1953 1954 1955 
(116 station- | (141 station- | (164 station- | (240 station- Total 
months) months) months) months) 
Direct costs to ORSANCO 
(including staff time) 3,000 3,000 4,300 10,000 20,300 
Volunteer and cooperative- 
contract services* 20,000 25,000 28,000 38,000 111,000 
Totals 23,000 28,000 32,300 48,000 131,300 
Avg. cost per station-month 200 200 200 200 


* An estimated value, computed at 64 times the direct costs. 


which are relatively simple) to $120 
for 29 constituents. These figures 
represent what it could have cost 
ORSANCO if it had not enlisted the 
voluntary services of utility managers 
or engaged in a cooperative program 
with the USGS and had sought to do 
the work by some other means. The 
out-of-pocket cost to ORSANCO for 
the 4 years of work was $20,000, but 
the value of the data obtained is esti- 
mated at $131,000. Thus, for every 
dollar invested by ORSANCO the 
value received in data is estimated to 
be something more than $6.50. 


tion of the data as a public document. 
The ORSANCO data have been made 
available in this form. The first 4 
years of record are included in a single 
volume (2). An additional 2 years 
of record are now being assembled and 
it is anticipated that these can be made 
available as looseleaf inserts until such 
time as a second volume is published. 

The cost of printing 1,000 copies of 
the book, using a photographic process 
that permitted reproduction directly 
from the master tabulation sheets, was 
$1,300. Copies of the book have been 
distributed gratis to all state and fed- 
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eral agencies, to some 200 members of 
committees of the commission, and to 
municipal libraries in the Ohio Valley 
district—a total of about 400. For 
other distribution the commission has 
established a charge of $2 per copy. 


Conclusions 


For those agencies contemplating the 
initiation of a water quality monitor 
program but who feel that the budget 
is too limited for such an undertaking, 
there is this word of optimism: In- 
genuity and enthusiasm may uncover 
resources whose value will more than 
compensate for the lack of dollars. 
Also it might be added, a monitor 
program need not be started on an 
elaborate scale. The experience of 
ORSANCO suggests that a modest 
program can be designed for later 
elaboration as funds and energy per- 
mit. Starting with eleven stations in 
1951, the commission has now aug- 
mented its monitor network to secure 
data from 43 locations on the Ohio 
River and many of its tributaries. 

Looking to the future and the possi- 
bility of securing more intimate sur- 
veillance of river quality variations, 
for some time there has been planning 
of what is termed a “robot monitor 
station” project. Using a portion of 
a federal grant recently made available 
through the USPHS under Public 
Law 660, the commission is now work- 
ing on this project. The goal, broadly 
stated, is to investigate the feasibility 
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of adapting analytical instruments for 
the continuous recording and auto- 
matic transmission of river quality data 
and the development of a self-operating 
monitor station for this purpose. 

Current efforts are directed toward 
determining the availability and appli- 
cability of analytical recording equip- 
ment and discussing with certain manu- 
facturers the possibilities of develop- 
ing equipment not now available. 
Soon the commission expects to test 
and operate under field conditions cer- 
tain combinations of equipment. 

It is hoped that the robot monitor 
project will provide new tools for the 
evaluation of water quality and prompt 
detection of pollution control viola- 
tions. But these stations will not sup- 
plant the expert services of the Water 
Users Committee, the USGS, the 
Corps of Engineers, and the USPHS 
in the acquisition of basic data. It is 
through these agencies and the men 
that represent them that ORSANCO 
will continue to rely in perfecting its 
program of compiling stream quality 
and flow data. 
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URING a series of investigations 

of the kinetics and mechanisms of 
coagulation of colloids in water, an at- 
tempt was made to use the conducto- 
metric technique to make rapid analy- 
ses of the rates of coagulation. The 
procedure was suggested by a paper 
by Babcock and Knowlton (1). In 
order to become acquainted with their 
techniques it was decided to try to 
duplicate the previous work. It was 
discovered that the results of the two 
sets of investigations were similar only 
in certain instances. The areas of dif- 
ference will be described briefly and 
certain reappraisals of the conclusions 
drawn by the previous investigators 
will be suggested. 

The arrangement described consisted 
of conductivity cells placed in water at 
a water treatment plant at points be- 
fore and after the addition of liquid 
alum—a solution of aluminum sulfate. 
By appropriate use of an electric inte- 
grator and an automatic alum flow rate 
controller they were able to control the 
rate of feed of alum according to a 
predetermined conductivity-difference 
value. 

It was concluded by the previous in- 
vestigators that the formation of a floc 
and thus, removal of turbidity, oc- 
curred at the dosage of alum which 
resulted in a sharp increase in the slope 


of the conductivity curve. They pro- 
posed that the slight increase in con- 
ductivity during the first (flat) portion 
of the curve was due to the release of 
the sulfate ion (SO,-~) from the added 
aluminum sulfate (Al,(SO,),) and 
that the second (steep) portion of the 
curve was due to the release of both 
the SO,-- and the aluminum ions 
(Al***) into the water. They assumed 
that for the flat portion of the curve 
the Al*** was consumed in forming the 
floc. A typical graph of their results 
is shown in Fig. 1. The equipment 
was then adjusted so that the alum 
dosage was slightly greater than that 
adequate to produce the sharp increase 
in the conductivity curve. This pro- 
cedure is working successfully at the 
water plant at Salem-Beverly, Mass. 


Experimental Procedure 


After differences in the results of 
the two sets of investigations were dis- 
covered, it was decided to conduct a 
series of tests to discover the reasons 
for the differences. For all conduc- 
tivity measurements a conductivity 
bridge * which is line operated and 
capable of supplying a-c frequencies of 


* Serfass, Model RCM 15B1, product of 
Industrial Instruments Inc., Cedar Grove, 
N.J. 
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60 and 1,000 cycles per second was 
used. The latter frequency was used 
in all experiments. In conjunction 
with the bridge, a platinum conduc- 
tivity cell with a cell constant of 1 
reciprocal centimeter and a specific re- 
sistance of 250-200,000 ohms was 
used. Water from a constant tempera- 
ture bath * was circulated through a 
tank containing the beakers of solu- 
tion which were under test. During 
the course of a run, the temperature 
of the test solution varied no more than 
+0.5°C. 

All turbidity measurements were 
made with a turbidimetert with a 
20-cm depth viewing tube. Measure- 
ments of pH were made with a line- 
operated meter t which was also used 
for making potentiometric titrations for 
alkalinity. Aluminum determinations 
were made in accordance with the pro- 
cedure described in Standard Methods 
(2) with a colorimeter.§ The wave 
length of incident light was set at 525 
mp. Figure 2 shows the equipment 
used. 

The actual procedure for making a 
run—one run consisted of at least six 
samples, each containing a different 
dosage of alum—was as follows: 


1. Conductivity, turbidity, alkalinity, 
and pH measurements were made on 
all raw samples. 

2. Known amounts of alum as 


Al,(SO,),;:nH,O were added to the 


* Model 9934, product of the A. H. 
Thomas Co., Philadelphia. 

+ Product of the Hellige Co., Inc., Gar- 
den City, N.Y. 

t Beckman Model H-2, manufactured by 
Beckman Instruments, Inc., South Pasa- 
dena, Calif. 

§ Bausch & Lomb Spectronic 20, Bausch 
& Lomb Optical Co., Rochester, N.Y. 
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raw water; the solution was stirred 
rapidly and conductivity and pH 
measurements were made of the solu- 
tion in the reaction vessel. 

3. After flocculation and a 2-hr set- 
tling period, aluminum and turbidity 
analyses were made of the supernatant, 
with all readings taken at a constant 
temperature. 

4. Plots of the recorded data were 
made (Fig. 3-8). 


Conductivity — micromhos 


Hydrogen jons 


Hydrogen lons — number x 10” 


20 30 
Alum Dosage — ppm 


Fig. 1. Typical Conductivity Curve From 
Salem-Beverly Study 


Hydrogen ion (H*) curve added by au- 
thors was derived from pH values given. 


Results 


It was assumed early in the investi- 
gation that the sharp increase in the 
slope of the conductivity curve oc- 
curred primarily as a result of the re- 
lease of hydrogen ions (H*) from the 
water after the addition of the alum. 
Thus, the alum dosage at which this 
sharp increase in H* occurs—that is, 
at an appreciable lowering of pH—ap- 
pears to be determined by the buffering 
capacity or alkalinity of the water. To 
test this hypothesis, some 50 different 


| 
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runs were made using different waters 
or the same waters in which the alka- 
linity was adjusted in accordance with 
experimental design criteria. For this 
adjustment sodium bicarbonate was 
used. For each run on a particular 
water all conditions were held con- 
stant except the alum dosage; at least 
six different alum dosages were used 
in each run. 


if 
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where the break in the conductivity 
curve occurred is evidently too high for 
good turbidity removal. In Fig. 4 the 
removal of turbidity and the break in 
the conductivity curve occurred at ap- 
proximately the same alum dosage and 
in Fig. 5 the conductivity curve break 
occurred at an alum dosage lower than 
that required for good turbidity re- 
moval. Of the sixteen runs made with 


Fig. 2. Equipment Used in Investigation 


From left to right, a colorimeter, turbidimeter, pH meter, magnetic stirrer, 
conductivity bridge and cell, water bath for test solutions, and a constant-temperature 
water bath. 


Following the preparation of the 
water, each run was conducted in the 
manner already described. Plots of 
typical data for three different samples 
of Chapel Hill, N.C., raw water are 
shown in Fig. 3, 4 and 5 respectively. 
The data of Fig. 3 show that essen- 
tially all turbidity was removed at 
dosages of alum much less than that 
at which the break in the conductivity 
curve occurred. The alum dosage 


Chapel Hill raw water, the results of 
seven were similar to those in Fig. 3, 
four to those of Fig. 4 and five to those 
shown in Fig. 5. In these sixteen runs, 
the data show that the location of the 
sharp break in the conductivity curve 
bears no definite relationship to tur- 
bidity removal. Figure 6 is a plot of 
the data obtained when sodium bicar- 
bonate was added to increase the alka- 
linity of the same water used for the 


|_| 
Gs. 
| ae 


Mar. 1958 


run illustrated in Fig. 4. The results 
show that the break in the conductivity 
curve is shifted considerably to the 
right. This shift was observed when- 
ever alkalinity was increased. 

Figures 7 and 8 are results of runs 
on raw waters from Durham and Bur- 
lington, N.C., respectively. 

For the water from Durham, the 
break in the conductivity curve oc- 
curred at approximately the optimum 
alum dosage for turbidity removal. 
Primary lime was being added to this 
water by the plant operator and the 
sample was taken after the addition of 
the lime. For the water from Burling- 
ton, the break in the conductivity curve 
was at an alum dosage value much 
greater than the optimum for turbidity 
removal. On Fig. 3-8 are included 


the plant alum dosage and alkalinity 
values on the day of sampling—from 
which it can be seen that the dosages 
for good turbidity removal for the ex- 
perimental runs were about the same 
as the plant dosages. 
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Fig. 4. Effects of Added Alum 


This sample was taken Feb. 12, 1957, 

when plant alum dosage was 29 ppm and 

alkalinity 13 ppm. Chapel Hill water 
was used. 


Additional runs were made on col- 
loidal systems prepared with Fuller’s 
earth, tannic acid, gelatin, or a dye. 
The added alkalinity was adjusted at 
will and again there was no relation- 
ship between the alum dosage for good 
colloidal removal and the alum dosage 
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Pig. 3. Effect of Added Alum on Turbid- 
ity, Conductivity, and Hydrogen Ion 
Concentration of Chapel Hill, 

N.C., Water 


Water was sampled Apr. 18, 1957. Plant 
dosage at the tome was 21 ppm alum with 
an alkalinity of 18 ppm. 


Fig. 5. Effect of Added Alum on Turbid- 
ity, Conductivity, Hydrogen Ion Con- 
centration and Residual Aluminum 


Chapel Hill water sample taken Dec. 8, 
1957. Plant alum dosage 20 ppm; alka- 
linity, 20 ppm. 
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Fig. 6. Effects on Adjusted Water 


Chapel Hill water, adjusted with 0.36 
me/l sodium bicarbonate. Sample taken 
Feb. 12, 1957. 


at which there was a break in the con- 
ductivity curve. 


Interpretation 

The experimental evidence indicates 
that the alum dosage necessary for 
good colloid removal bears no relation- 
ship to the dosage at which there is a 
break in the conductivity curve. Ad- 
justment of the alkalinity shifts the 
shape of this curve with little effect on 
the removal of turbidity. 
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Fig. 7. Effects of Added Alum on Samples 
of Durham, N.C., Water 

Sample taken Dec. 14, 1957, with plant 

alum dosage 21 ppm; alkalinity, 18 ppm. 
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The conductivity-alum dosage rela- 
tionship indicates that there is some 
characteristic of the water which 
changes rapidly at some values of alum 
dosage. This characteristic is the alka- 
linity. The conductivity curve is 
merely an acid-base titration curve in 
which the alum is the acid and the 
bicarbonate the base. The reaction be- 
tween alum and bicarbonate alkalinity 
in water is commonly written: 


Al,(SO,),-nH,O + 3Ca(HCO,), 
— 2Al(OH), + 3CaSO, 

+ 6CO, + nH,O 
and may be described more completely 
as below. The alum dissolves in the 
water and releases free aluminum ions 
as follows: 

Al,(SO,); 2Al*** +:3S0,-~ 
and the aluminum ions react with hy- 
droxyl ions to form the insoluble hy- 
drous aluminum oxide: 
2Al*** + 60H- + nH,O 

— Al,O,:(n + 3)H,O 
The hydroxyl ion comes from the ioni- 
zation of water: 


H,O = OH- + H* 
and the hydrogen ion is taken up by 
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Fig. 8. Effects on Burlington, N.C., Water 
Sample taken Dec. 12, 1957. Alum 
dosage at plant was 32 ppm; alkalinity, 
32 ppm. 
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the alkalinity (HCO,-) in the water: 
HCO, + H* = H,CO, 


Because this last is a reversible re- 
action, some hydrogen ion will be in 
solution and the pH of the water is 
progressively reduced by additions of 
alum. When the alum dosage stoichi- 
ometrically exceeds the alkalinity of 
the water, however, there is a rapid 
increase in the concentration of the 
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Fig. 9. Effect of Added Acid on Raw and 
Adjusted Waters 


Adjusted raw water had 0.53 me/l 
NaHCoO, added. 


hydrogen ion present and the conduc- 
tivity increases quite abruptly; the 
hydrogen ion is an excellent transport 
ion. This is the phenomenon observed 
in this research. There is a possibility 
that some of the aluminum entered into 
the colloid which was originally pres- 
ent in the water, but this amount would 
be small and would not influence the 
significance of the explanation given 


above. 


To test the hypothesis, separate po- 
tentiometric and conductometric deter- 
minations were made of the alkalinity 
of several of the water samples. Sul- 
furic acid was added in increments to 
the water sample and pH and con- 
ductivity measurements were made at 
each increment. The pH values were 
converted to hydrogen-ion activity 
which, with conductivity values, was 
plotted as shown in Fig. 9. The po- 
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Fig. 10. Relation of Alum Dosage and 
Conductivity in Distilled and 
Natural Waters 


Dashed lines are for distilled water ; solid, 

for natural water. Curve A uses outer 

conductivity scale and Curve B uses inner 
conductivity scale. 


tentiometric and conductometric meth- 
ods of this acid-base titration are in 
good agreement, as they are in Fig. 
3-8. Actually, Fig. 9 includes a raw 
water and the same water to which 
sodium bicarbonate was added. The 
addition of the sodium bicarbonate 
shifts the equivalence point to the 
right in accordance with the amount 
of base added. It should also be noted 
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that the increase in alkalinity increases 
the conductivity of the water. 

A further illustration of the relation- 
ship between conductivity and alum 
dosage in water is shown in Fig. 10. 
In the experiment where alum was 
added to distilled water, the relation- 
ship displays a straight line at the 
lower dosages and a decrease in the 
rate of conductivity increase at the 
higher dosages. In the other experi- 
ment, when alum was added to alkaline 
natural waters the slope of the conduc- 
tivity line is very gentle at the low 
dosages and then increases abruptly as 
expected. The flat portion indicates 
that the alum (or at least the alumi- 
num) reacts with the alkalinity ; when 
the alkalinity is consumed, the slope 
of these curves is the same as the slope 
of the curve obtained when using dis- 
tilled water. Attempts were made to 
use a buffer system in water which 
would keep the pH constant as the 
alum dosages were added. These at- 
tempts were unsuccessful because, to 
maintain constant pH values, it was 
necessary to add such large amounts 
of buffer that the increase in conduc- 
tivity due to the addition of alum was 
not satisfactorily measurable. 

It is interesting to note from Fig. 9 
that the equivalence point of the poten- 
tiometric titration for alkalinity in the 
raw water occurred at a pH of about 
5 and the number of milliequivalents 
of acid added was 0.24. If, however, 
the sample is titrated to a pH of 4.4— 
the methyl purple or methyl orange 
endpoint—the equivalents of acid 
needed are 0.32—an error of 33 per 
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cent. With increasing alkalinity in the 
sample, the percentage error is re- 
duced. This is described in Standard 
Methods (2). 

It is therefore concluded that the 
location of the break in the conduc- 
tivity curve is determined by the alka- 
linity present in the water and bears 
little or no relationship to the optimum 
alum dosage for colloid removal. This 
does not mean that with certain waters 
—probably those having low dissolved 
solids—the differential conductivity 


method is not applicable. 
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Control of Algae With Chlorophenyl 
Dimethyl Urea 


Thomas E. Maloney 


A contribution to the Journal by Thomas E. Maloney, Biologist, Rob- 


HE substituted urea compound 
3-(p-chloropheny])-1, 1 dimethyl- 
urea (CMU) has been reported as 
being an effective herbicide. It re- 
putedly is taken up by the root system 
and is translocated upward to the 
leaves (1). Since its effect on non- 
vascular plants had not been deter- 
mined, it was included in preliminary 
screening tests for potential algicides 
(2). In these tests, CMU displayed 
good algicidal properties against six 
representative species of algae at a 
concentration of 2 ppm. It was com- 
pletely toxic to four of the species for 
21 days and, on the remaining two spe- 
cies, it had a toxic effect during the 
early stages of incubation. Normal 
or partial growth, however, was evi- 
dent after prolonged incubation of the 
latter species. Exploratory fish toxic- 
ity tests revealed that CMU was not 
toxic to the fathead minnow, Pime- 
phaies promelas, in the concentrations 
employed in these preliminary studies. 

After completion of the screening 
studies, full-scale tests were initiated 
to investigate more fully the effect of 
this compound upon algae. These 
studies included both laboratory and 
field experiments. 


Laboratory Tests 


The laboratory tests, the culture me- 
dium used, the environmental condi- 
tions during incubation, and criteria for 
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determining the effectiveness of the 
test chemical on algal growth were 
identical with those employed in test- 
ing other chemical compounds (3). 

Fourteen concentrations of CMU, 
ranging in an arithmetical series from 
0.004 to 32.0 ppm, were tested against 
33 species of algae. These algae in- 
cluded ten species of blue-green algae, 
seventeen species of green algae, and 
six species of diatoms. 

Table 1 represents the minimum 
concentrations of CMU which were ef- 
fective in preventing normal and par- 
tial growth of the algae during incuba- 
tion periods of 7 and 28 days. 

Throughout a 7-day exposure pe- 
riod, a minimum concentration of 0.25 
ppm CMU prevented normal growth 
of all nine species of blue-green algae 
tested. At the lowest concentration 
used—0.004 ppm—normal growth of 
five of these species was controlled. 
In order to prevent partial growth— 
that is, to control all visible growth of 
these species of blue-green algae for 
7 days—a concentration of 2.0 ppm 
was required. Only 0.50 ppm, how- 
ever, was capable of preventing growth 
of 7 of these species. When the test 
cultures were incubated for 28 days, 
10 ppm CMU prevented normal 
growth and 2.0 ppm controlled all 
algal growth. Here a concentration 
of 0.5 ppm was able to control growth 
of six of the nine species tested. 
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As indicated by previous work with 
other chemical compounds (3), the 
green algae proved to be more resistant 
than the other classes of algae. A 
concentration of 0.5 ppm was able to 
prevent normal growth of the seven- 
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teen species of green algae tested dur- 
ing the first 7 days of incubation. To 
control algal growth completely in this 
period, a concentration of 8.0 ppm was 
required. Fourteen of the species, or 
82 per cent, were controlled by 1.0 


TABLE 1 
Minimum Concentrations of CMU Needed to Control Growth of Various Algae 


Amount of CMU Used—ppm 


7-Day Exposure 28-Day Exposure 


Normal 
Growth 


Blue-Green Algae 


Anabaena circinalis 
Calothrix parietina 
Cylindrospermum licheniforme 
Gloeocapsa dimidiata 
Microcystis aeruginosa 
Nostoc muscorum 
Phormidium tenue 
Plectonema nostocorum 
Symploca erecta 

Green Algae 
Ankistrodesmus falcaius 
Ankistrodesmus falcatus 

v. acicularis 

Chlamydomonas communis 
Chlamydomonas paradoxa 
Chlorella variegata 
Chlorococcum botryoides 
Chlorococcum humicola 
Coccomyxa simplex 
Coelastrum proboscideum 
Gloeocystis grevillet 
Mesotaenium caldariorum 
Oocystis lacustris 
_Oocystis marsonii 
Scenedesmus basilensis 
Scenedesmus obliquus 
Sphaerella lacustris 
Stigeoclonium nanum 

Diatoms . 
Achnanthes linearis (Strain 1) 
Achnanthes linearis (Strain 2) 
Gomphonema parvulum 
Nitzschia palea (Strain 1) 
Nitzschia palea (Strain 2) 
Nitzschia palea (Strain 3) 


0.004 


Species Tested 
Normal Partial | | Partial 
i 0.004 | 0.031 — 0.250 
a 0.004 0.004 0.031 0.500 
‘i 0.004 0.500 0.062 0.500 
0.250 0.500 0.250 0.500 
0.031 0.250 0.500 0.500 
0.004 1.000 0.250 2.000 
0.062 0.500 1.000 1.000 
0.004 2.000 0.004 0.500 
0.062 0.500 0.500 1.000 
0.031 0.500 0.500 2.000 
0.004 1.000 0.250 2.000 
; 0.500 1.000 1.000 2.000 
0.125 1.000 | 1.000 4.000 
E 0.125 8.000 | 8.000 | 16.000 
' 0.062 | 0.250 | 1.000 2.000 
: 0.125 0.500 1.000 2.000 
0.125 1.000 1.000 4.000 
0.250 0.500 0.250 2.000 
0.125 4.000 0.500 2.000 
0.004 0.500 0.500 1.000 
0.004 0.250 0.500 1.000 
, 0.004 0.250 1.000 2.000 
0.125 2.000 2.000 4.000 
0.008 1.000 0.500 8.000 
0.125 0.250 0.062 0.500 
0.125 1.000 0.062 2.000 
: 0.125 0.250 0.250 0.500 
0.125 0.500 0.500 2.000 : 
0.004 0.500 0.500... 1.000 
| 0.125 | 0.500 | .0.500 1.000 
0.062 0.125 0.500 — 1.000 
0.250 0.250 0.500 0.500 
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ppm CMU. For control of normal 
growth for 28 days, one species re- 
quired a concentration of 8.0 ppm and 
the remaining sixteen were controlled 
by 2.0 ppm. This resistant species, 
Chlorella variegata, was completely 
controlled by 16.0 ppm for a 28-day 
exposure, and 2 ppm prevented growth 
of 65 per cent of the other species. 

The diatoms were similar to the 
blue-green algae in their sensitivity to 
CMU. Normal growth of the seven 
strains of diatoms tested was controlled 
by 0.25 ppm for 7 days and 0.5"ppm 
prevented all growth during this pe- 
riod. During a 28-day exposure, 0.5 
ppm allowed only partial algal growth 
and 2.0 ppm prevented all growth in 
the seven cultures. 


Field Tests 


Field tests were carried out at the 
Ohio State Fish Hatchery at Newtown 


in three ponds of different sizes. 
These ponds were designated by the 
hatchery as Ponds 5, 10, and 20. Be- 
cause the volume of each pond varied 
according to the water level, it was 
calculated immediately prior to treat- 
ment. The pH of the pond water 
ranged from 8 to 10, depending upon 
the amount of algal growth, and total 
alkalinity ranged from 125 to 140 ppm. 
Pond 5 measured 40 x 160 ft and, 
at the time of treatment, the calculated 
volume was 192,000 gal. Before 
treatment, the bottom was covered by 
a luxuriant growth of Spirogyra. 
Some surface growth was also pres- 
ent. The first treatment was applied 
the latter part of April and consisted 
of a surface spray of 2 ppm of a com- 
mercial wettable powder * containing 
80 per cent active CMU—providing a 
concentration of 1.6 ppm CMU. 


* Telvar W. Monuron, patented by E. I. 
dupont de Nemours Company, Inc., Wil- 
mington, Del. 
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After 2 days there was no obvious 
change in the amount of algal growth. 
After 13 days, however, the bottom of 
the pond was free of the filamentous 
algal growth with the exception of 
a small patch surrounding an inlet 
spring. Nineteen days after applica- 
tion, the pond was drained to remove 
the fish. The operator reported that 
the bottom was clear and required very 
little raking to remove filamentous 
algae. It was also evident that the 
overflow from this pond was having a 
controlling effect on the algal growth 
near the point where the overflow en- 
tered the adjoining pond. 

The pond was immediately refilled 
and by the middle of September the 
entire surface was covered by filamen- 
tous algal growth consisting chiefly of 
Hydrodictyon with some Mougeotia. 
The same concentration of CMU as 
previously used was sprayed on the 
pond and within 2 days there was an 
obvious reduction in the amount of 
algae present. Crayfish in the pond 
migrated to the edges and the fish— 
smallmouth bass (Micropterus dolo- 
mieu)—appeared to be agitated. No 
dead fish were found, however, and the 
following day they again appeared to 
be normal. This condition was consid- 
ered to be due to the low dissolved- 
oxygen content of the pond water, 
caused by the oxygen demand of the 
dead and dying algae, and not to irri- 
tation caused by CMU. At this time, 
two-thirds of the pond was free of algal 
growth. Six days after the second 
spraying with CMU, the surface and 
bottom of the pond were completely 
clear of algal growth, except for a few 
dark-brown clumps of dead algae on 
the bottom. 

The tests performed on Pond 10 
were conducted to determine the value 
of CMU in preventing the development 
of algal growth, rather than its ability 
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to destroy existing growth. Before 
treatment, the pond, 70 x 140 ft, cor- 
responding to a bottom area of 0.22 
acre, was completely drained and 


cleaned. Filled with water, the pond 
had an approximate volume of 295,000 
gal. 

A concentration of 22.3 lb of 80 
per cent active CMU (18.2 lb active 
CMU) per acre was sprayed as evenly 
as possible over the bottom of the pond 


Pig. 1. 
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brown patches of the diatom, Nitzschia, 
were scattered over the mud bottom. 
The phytoplankton count had reached 
a concentration of 13,824 cells per 
milliliter. The amount of filamentous 
algal growth remained fairly static for 
46 days and the phytoplankton count 
rose to its highest concentration of 
125,000 cells per milliliter. Cladophora 
gradually increased and 82 days after 
treatment approximately one-sixth of 


Portions of Treated and Untreated Ponds 


Treated pond, at right, is shown 19 days after first treatment with CMU. 


before it was refilled. This corre- 
sponded to a concentration of 1.6 ppm 
active CMU when the pond was filled. 
It was filled immediately after the 
treatment and remained completely 
free of filamentous algal growth for 19 
days. At the end of this period, a 
phytoplankton count revealed a con- 
centration of 1,368 cells per milliliter. 
By the twenty-fourth day after treat- 
ment there were a few small clumps 
of Cladophora on the surface and small 


the surface area was covered with this 
growth. The phytoplankton count had 
decreased to 1,750 cells per milliliter. 

At this time, the pond was again 
treated with 1.6 ppm active CMU. 
After 4 days, the surface growth of 
Cladophora had completely disappeared 
and apparently had fallen to the bottom 
where it was observed to have turned 
a brown color. The pond remained 
clear of filamentous algal growth for 
20 days after the second treatment 
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when small clumps of Cladophora 
reappeared. The amount of growth, 
however, was not appreciable until 34 
days after the second treatment when 
approximately one-third of the surface 
was covered with Cladophora. 

During the entire 116-day period 
following the first treatment there was 
no evidence that any fish had been de- 
stroyed. Although there were no de- 
tailed records kept, the hatchery opera- 
tor reported that the fish in this pond 
were generally larger than those kept 
in similar, but untreated ponds. Fig- 
ure 1 shows the treated pond 19 days 
after the first treatment with CMU and 
a portion of an adjacent untreated 
pond. 

Pond 20 measured 162 x 50 ft 
and had a capacity of approximately 
181,000 gal. In mid-May there was 
a dense growth of Cladophora covering 
two-thirds of the surface area and ex- 
tending to the bottom. A concentra- 
tion of 1.6 ppm active CMU was 
sprayed over the surface in an attempt 
to destroy the growth of algae. Two 
days later the filamentous algal growth 
which had come in direct contact with 
the spray had begun to turn white. A 
slight diminishing of the overall 
amount of growth was evident after 5 
days and the white streaks on the sur- 
face persisted. In 7 days there was 
an obvious reduction in the growth 
which was beginning to turn brown 
beneath the surface of the water. The 
condition of the pond improved and 
the phytoplankton count gradually in- 
creased until 18 days after treatment, 
when the growth of Cladophora began 
to increase and it became obvious that 
the CMU was no longer controlling it. 
As in the previous tests there was no 
indication of death or injury to any 
fish. 
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Conclusions 


It is conclued from the results of 
both laboratory and field tests that 
CMU is an effective algicidal agent. 
In laboratory tests it was found that 
2 ppm prevented growth of all the spe- 
cies of blue-green algae and diatoms 
tested and the growth of 65 per cent 
of the green algae. It has the addi- 
tional advantage of having a low level 
of toxicity to fish and other aquatic 
animals. The lethal dose of CMU to 
a 200-lb man has been estimated at 
11.5 oz. (4). It is, then, five times less 
toxic to humans than 2.4 dichloro- 
phenoxyacetic acid (2,4-D). In recent 
work in connection with the use of 
CMU to control Najas, an aquatic 
pond weed, it was reported that its 
influence on the growth of phytoplank- 
ton was negligible (5). In that work, 
however, the amount of phytoplankton 
was measured visually and cell counts 
were not reported. In addition, the 
ponds in which the tests were carried 
out were fertilized regularly. It is 
possible that some green alga, such as 
Chlorella, which is somewhat resistant 
to CMU, could have been the dominant 
form present. 

In the field tests, the good results 
obtained in destruction or prevention 
of filamentous algal growth are par- 
ticularly interesting. These algal forms 
often cause severe problems by blanket- 
ing ponds and lakes or by attaching 
themselves to reservoir walls. They 
are not only unsightly, but also often 
choke out other desirable vegetation, 
prevent normal recreational activities 
(such as boating, fishing, and swim- 
ming), and may impart undesirable 
tastes and odors te. domestic water 
supplies. The growth often becomes 
so abundant that the respiration car- 
ried on by these algae at night depletes 
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the water of dissolved oxygen neces- 
sary for fish and animal life. 

Cladophora appeared to be more re- 
sistant to CMU than either Spirogyra, 
Mougeotia, or Hydrodictyon—a condi- 
tion which could have been caused by 
the presence of Cladophora in greater 
amounts. Spraying of the bottom and 
sides of a pond with CMU before fill- 
ing it with water was particularly ef- 
fective in preventing algal growth. 
Many of the filamentous algae begin 
their growth on the bottom of a pond 
and float to the surface when suffi- 
cient oxygen bubbles have accumu- 
lated on their filaments. Therefore, 
treating the bottom of the pond is 
treatment carried out at the origin of 
growth and could reasonably be ex- 
pected to be more effective. 

Care should be taken in the applica- 
tion of CMU. It is a selective herbi- 
cide at certain concentrations, but at 
higher concentrations it is a soil steri- 
lant. There is, therefore, the inherent 
danger of destroying valuable vegeta- 
tion by misapplication of the compound. 
After application of CMU to a lagoon 
in a privately owned park in Ohio, in 
March 1953, to kill off nuisance water 
weeds, over 150 trees—some 20—40 in. 
in diameter—were destroyed (6). On 
this occasion, CMU was applied in 
concentrations of up to 80 Ib per acre, 
with the substrata of the land sur- 
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rounding the lagoon permeable to water 
and conducive to the underground 
movement of the toxin. Before em- 
ploying CMU for algal control, con- 
sideration should be given to the per- 
meability of the soil on the bottom and 
sides of the water area, to the drain- 
age in the general area, and to the 
future use of the treated water. CMU 
is at present fairly high priced. The 
relatively small amount required, the 
duration of its effectiveness, and its 
low toxicity to fish and man, however, 
make it a desirable prospect for algae 
control. 
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Fluoride Reduction at La Crosse, Kan. 
Russell L. Culp and Howard A. Stoltenberg 


A contribution to the Journal by Russell A. Culp, Chief, Water Supply 
Sec., and Howard A. Stoltenberg, Chief Chemist, Water & Sewage 


IS article describes a method of 

treating a soft, highly mineralized, 
well water supply at La Crosse, Kan., 
to reduce the fluoride content from 
3.6 to 1.5 ppm. Basically, the method 
consists of the application of 225 ppm 
of alum in increments during rapid 
mixing and flocculation, followed by 
settling and rapid sand filtration. The 
cost for chemicals (alum and lime) at 
this location is 5.8 cents per thousand 
gallons. By chlorinating the raw 
water, iron and manganese are re- 
moved in the process. Other methods 
of fluoride reduction are reviewed as 
they apply to treatment of this water 
supply. 

The relationships between the flu- 
oride content of drinking waters and 
dental health are well known. Water 
supplies may be classified in three gen- 
eral groups according to the amount of 
fluoride which they contain. More 
than 1.5 ppm fluoride causes mottling 
of the tooth enamel and, in high con- 
centrations, discoloration of the teeth; 
0.7-1.5 ppm is the optimum range for 
development cf sound teeth; and less 
than 0.7 ppm causes excessive tooth 
decay. 

In order for these dental effects to 
be produced the water must be used 
almost continuously by an individual 
from birth to 10 years of age. Either 


the detrimental or the beneficial re- 
sults are for the most part retained 
throughout adult life. 
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The city water supply at La Crosse 
is obtained from deep wells in the Da- 
kota sandstone, an aquifer which yields 
an abundant quantity of water. Since 
the present source of supply was de- 
veloped in 1922, the water has always 
contained an excessive amount of flu- 
oride, about 3.6 ppm. Mottling and 
discoloration of the teeth of persons 
who spent their childhood in the city 
have been observed for many years by 
residents and dentists. During the 
past 20 years, when the cause of this 
esthetically objectionable condition be- 
came generally known, many La 
Crosse citizens have obtained drinking 
water for their children from other 
sources, often at considerable incon- 
venience and expense. 

City officials recognized that this 
was not a completely satisfactory solu- 
tion to the problem, and over the years 
have attempted to find another source 
of supply of better chemical quality to 
replace the present supply or to blend 
with it. In addition to the high flu- 
oride content, the present supply con- 
tains iron and manganese, and al- 
though the water is soft, it is high in 
chlorides, sodium, and total solids. 
The only alternate source of supply 
which has been found is located about 
5 mi from the city. Water from irriga- 
tion wells in this area contains only 
0.3 ppm of fluoride, and is of better 
chemical quality, although it would 
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require treatment for softening and 
for iron removal. 

Recently, the city requested that the 
state board of health study methods of 
fluoride removal which might be used 
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of fluoride in the water for reducing 
dental decay. 

The laboratory experiments were 
conducted both in the water and sew- 
age laboratory and in the field, where 
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Alum Dosage — ppm 
Fig. 1. Fluoride Removal by Alum Flocculation 
Curve A shows the results of experiments with a single point of application (see 


(Table 1); Curve B, increment feeding of alum during mixing (see Table 3). 


The 


three dashed curves show results of similar experiments conducted by Scott (1). 


in treating the existing water supply. 
It was desired to reduce the fluoride 
content from 3.6 to 1.5-1.0 ppm. This 
would eliminate the unsightly mottling 
and staining of teeth, yet would retain 
the full benefits of the proper amount 


water samples could be collected from 
the wells and immediately treated. A 
total of more than 160 jar tests and 
400 chemical determinations were per- 
formed. Standard methods of analysis 
were used throughout the work. To 
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detect possible interference with flu- 
oride determinations, a few key tests 
were verified by the distillation method. 
In the jar tests all samples were treated 
with an excess of chlorine (5 ppm) for 
iron and manganese removal. All sam- 
ples were mixed rapidly for 1 min and 
flocculated for 30 min except as other- 
wise noted. They were allowed to 
settle until clear, and then filtered. 
The raw-water temperature was 62°F. 


Alum Flocculation Method 


Single point of application. As 
shown by Table 1 and Fig. 1, fluoride 
removals are proportional to the alum 
dosage, although the efficiency appears 
to decrease as higher dosages are em- 
ployed. With the single point of appli- 
cation, 250 ppm of alum are required 
to reduce the fluorides to 1.5 ppm, and 
about 350 ppm are needed to obtain a 
residual of 1.0 ppm. 

As shown by Fig. 1, these results 
are comparable to those obtained by 
Scott in the treatment of Ohio water 
supplies (1). However, Scott used a 
7-day contact time with intermittent 
shaking. Kempf (2, 3) and Boruff 
(4, 5) obtained more efficient removals 
with the use of alum in the treatment 
of other waters of different chemical 
composition. 

With and without lime. About 15 
ppm of lime are required to stabilize 
the water after treatment. Fluoride 
removals with and without the addition 
of lime during rapid mixing were 
checked as shown in Table 2. Since 
calcium appeared to interfere slightly 
with fluoride removal, the lime should 
be added near the end of the floccula- 
tion period. Iron and manganese were 
removed completely. 

Incremental feeding of alum. Three 
sets of samples were run using this 
modification. As shown in Table 3 


FLUORIDE REDUCTION 


425 


and as illustrated by Fig. 1, approxi- 
mately 10 per cent less alum is re- 
quired for the corresponding reduction 
in fluoride by incremental feeding than 
with the conventional application at a 
single point during rapid mixing. This 
increased efficiency may be the result 
of better contact between aluminum 
and fluoride ions during the initial for- 
mation of the floc particles and also 
of more complete coagulation. 

One series of three samples was run 
using the modification of rapid mixing 
instead of slow. The results and the 


TABLE 1 

Single Point of Application of Alum 

Alum Fluoride 
ppm 
0 3.6 
20 3.3 
50 3.2 
100 2.6 
150 2.2 
200 1.8 
225 1.8 
250 1.4 
300 1.2 
350* 1.0 
400* 0.8 
500* 0.8 
550* 0.6 


*Lime was added to maintain a favorable pH 
range for flocculation. Amounts were 21, 24, 30, and 
33 ppm, respectively. 


savings in alum required appear to be 
very similar to those obtained by incre- 
mental feeding during the slow-mixing 
process. When 225 ppm alum was 
added to each of three samples during 
three different time intervals, fluoride 
residuals were as follows: 3 sec, 1.8 
ppm; 1 min, 1.6 ppm; and 2 min, 1.5 
ppm. In either modification the flu- 
orides may be reduced to 1.5 ppm by 
the application of 225 ppm of alum, 
or to 1.0 ppm by the use of 315 ppm 
of alum, as compared to 250 ppm and 
350 ppm with the conventional single 
application. 
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TABLE 2 
Alum Flocculation With and Without Lime 
$ 


pH 


Alkalinity*—ppm Fluorides—ppm 


No Lime 15 ppm Lime No Lime 15 ppm Lime No Lime 15 ppm Lime 


OF 8.0 238 


200 7.0 
250 7.0 
300 6.9 


162 181 
142 156 
125 142 


* As CaCOs. 


t Untreated water contained 0.59 ppm iron and 0.09 ppm manganese. 


Effect of pH. The fluoride removal 
is directly dependent upon the effi- 
ciency of alum flocculation, which is in 
turn related to pH. In order to deter- 
mine the optimum pH range of the La 
Crosse water for alum flocculation, a 
series of samples were run with the pH 


TABLE 3 


Incremental Feeding of Alum 
During Slow Mixing 


Alum—ppm 


Time Intervals—min 


5 10 


ss 
SS ss 


45 
37 


MANA 


* Untreated water contained 3.6 ppm fluoride. 
An additional 40 ppm alum added at 25 min. 
During this set of experiments, residual aluminum 
measured; amounts were 0.20, 0.11, 0.10, 0.10, 
0.12 ppm, respectively. 
§ An additional 37 ppm alum added at 25 min. 


adjusted at the start from 5.0, at inter- 
vals of 0.5, to pH 10.5. The pH of 
the samples after treatment ranged 
from 5.8 to 10.5. 

Residual aluminum determinations 
were made on all samples of this series. 
Residual aluminum is important for 
two reasons. It may interfere with 
the test procedure for fluorides if pres- 
ent in excess of 0.25 ppm (0.25 ppm 
residual aluminum lowers the apparent 
fluoride reading by 0.1 ppm). It may 
also cause deposits to form in water 
mains and plumbing systems. Solely 
for experimental purposes, tests were 
conducted below and above the pH 
range which would occur in the pro- 
posed plant. At these extreme pH 
values, residual aluminum does become 
a problem. The residual aluminum is 
less than 0.25 ppm, however, from pH 
6.5 to pH 7.5. Since the best fluoride 
removal is obtained in this pH range, 
residual aluminum is definitely not a 
problem in the proposed plant. Fortu- 
nately, in the La Crosse water the re- 
quired alum dosage produces a pH in 
the optimum range for fluoride reduc- 
tion without special adjustment. As 
previously stated, about 15 ppm of lime 
is added for stabilization of the treated 
water. 

The data from this experiment are 
plotted in Fig. 2. Several interesting 
features are demonstrated. A chart of 
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= 
3.6 
7.2 1.8 1.9 
7.1 1.2 1.2 
Dosage bpm 
0 15 | 20 
250 | 250 
* 250 | 125 125 1) 
250 | 85 
250 | 70| 60 1] 
250 | 50| 50 1) 
250 | 50| 40 1, 
150 | 75 2. 
150 | 50 2. 
150 | 30} 30 2! 
200 | 100 1) 
200 | 80 1, 
200 | 40] 40 1. 
225t | 225 1. 
225¢ | 75 75 1. 
225t | 55 | 55 1. 
225t | 45 | 45 
225¢ | 40| 37 | 37 | 1. 
and 


Mar. 1958 


flocculation time for alum at various 
pH values has been superimposed. 
The close correlation between the effi- 
ciency of alum flocculation and fluoride 
removal is shown. As noted on Table 
4, the fluoride values below pH 6.5 
and above pH 7.5 may be lower than 
the true value because of aluminum 
interference. For pH values between 
6.5 and 7.5, however, the area of in- 
terest, the interference does not occur 
and the fluoride readings are true 
values. 

Effect of mixing time. The floccula- 
tion time was varied from 5 to 60 min- 
utes on one set of samples without ap- 
parent effect on fluoride removal, as 
all samples showed 1.4 ppm fluoride. 
The length of time provided for mixing 
does not appear to be as important as 
getting immediate contact between the 
alum and the fluoride ions in the water 
by adequate stirring and slow addition 
of the alum. 

Multiple flocculation. Based on one 
test run, two-stage or three-stage floc- 
culation with intermediate settling did 
not show any improvement over single- 
stage operation. The fluoride content 
in all samples was 1.5 ppm. As facili- 
ties for this kind of operation would 
be expensive to construct in the pro- 
posed plant, operating costs would have 
to be reduced substantially to justify 
their use. As this was not the case, 
this method was not recommended. 

Use of four or more stages probably 
would produce results similar to those 
with increment feeding at a like num- 
ber of points, but the cost of the plant 
would be excessive. 

Use of recirculated sludge. Water 
samples were treated with one to six 
volumes of previously precipitated alum 
sludge, with and without the addition 
of fresh alum. These trials were dis- 
appointing in that no significant reduc- 
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tion in the fluoride content occurred as 
a result of the sludge contact. Appar- 
ently the fluoride enters into chemical 
combination in the initial formation of 
the floc or is incorporated in the floc 
structure near its core, as the once- 
precipitated floc does not seem to have 
any further capacity to adsorb the flu- 
oride ion. In 1934, Kempf (2) stated 
that the fluoride was removed by alum 
as “insoluble hydrated aluminum 
fluoride.” 

Coagulant aids. In conjunction with 
alum, activated silica, bentonite, hy- 


TABLE 4 
Effect of pH on Alum Flocculation* 


pHt Residual 
Aluminum 


ppm 


Fluoridet 
pm 


Finish 


5.8 : 1.50 
6.5 ‘ 0.25 
6.9 2 0.20 
7.3 0.25 
7.7 0.60 
8.0 2 2.00 
8.2 7.00 
8.5 . 10.00 
8.8 25.00 
9.3 > 25.00 
10.0 9.8 >25.00 
10.5 10.5 > 25.00 


* In all samples, 250 ppm alum was added. 
+ Untreated water had a pH of 8.0 and contained 


3.6 ppm fluoride. 
fe: Apparent values, subject to possible aluminum 
interference. 
droxyethyl cellulose, and Fuller’s earth 
were used in various dosages as coagu- 
lant aids. Coagulation was improved 
without any significant effect on flu- 
oride removals. As satisfactory coagu- 
lation and settling was secured with 
alum alone, there appears to be no 
particular advantage in the use of the 
aids. 

Chemical composition of treated 
water. The alum flocculation method 
of treatment satisfactorily reduces the 
fluoride, iron, manganese, color, and 
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Flocculation Time — min 


Residual Aluminum — ppm 


8 


3 
a 
8 


7.0 8.0 9.0 
pH 


Fig. 2. Effect of pH on Fluoride Removal 


Arrows indicate pH area for operation of proposed plant (6.5-7.5), in which area 

fluoride readings are not subject to possible aluminum interference (see Table 4). 

Dashes indicate fluoride residual at final pH; dashed curve indicates residual alumi- 

num; and dots indicate flocculation time for alum at various pH values within the 
area of plant operation. Alum dosages for all tests was 250 ppm. 
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turbidity to the desired levels. Un- 
fortunately, the finished water is still 
high in chlorides, sodium, and _ total 
solids. Little can be done by this or 
other practical methods of treatment 
to remedy this condition, but further 
improvement may be obtained in the 
future by development of the alternate 
source of supply mentioned previously 
and blending of the two waters. The 
desired amount of fluoride in the 
water could then be obtained by regu- 
lating the amount of water pumped 
from the two sources, thus reducing 
the amount of alum required to only 
that needed for flocculation. The 
plant proposed for the present supply 
could be fully utilized in treating the 
combined supply from the two sources 
for softening and removal of iron and 


manganese. 
Magnesium-Lime Softening Method 


Fluorides may also be removed 
along with magnesium in lime soften- 
ing, the fluoride being adsorbed by the 
magnesium hydroxide precipitate (1). 
In order to secure the desired amount 
of fluoride reduction in the La Crosse 
water it is necessary to add a magne- 
sium compound. Two experiments 
were run using magnesium sulfate and 
magnesium oxide. The MgO was dis- 
solved by bubbling CO, into water 
samples to which the MgO had been 
added. The results are given in 
Table 5. 

Excellent removals were obtained in 
accordance with the formula (1): 


F, = F,— 0.07 F, VMg, 


where F, is the residual fluoride; F,, 
the initial fluoride; and Mg, the mag- 
nesium removed. The fluoride content 
may be reduced to any desired residual 
by removing the theoretical amounts of 
magnesium in lime softening. Because 
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of the necessity of adding magnesium 
to the La Crosse supply, costs would 
be excessive and this method would 
not be practical on a plant scale. In 
general, the successful application of 
this method is limited to high- 
magnesium waters requiring softening. 


Other Methods 


Activated carbon. It has been re- 
ported in the literature (6) that excel- 


TABLE 5 
Magnesium and Lime 
Softening Method* 


Magnesiumt Lime Alum Destine! 
ppm ppm ppm ppm 
Magnesium Oxide 
133 334 60 2.0 
133 530 0 1.4 
Magnesium Sulfate 
110 560 20 0.8 
110 560 40 0.8 
110 560 40 1.0t 
80 334 20 0.9 
80 334 40 1.2 

80 334 40 1.2t 


* Untreated water contained 3.2 ppm fluoride. 
+ Magnesium oxide as MgO; magnesium sulfate as 


Mg. 
t With the addition of 8 ppm activated silica 
(SiOz). 


lent reductions are obtained with acti- 
vated carbon at a pH of 3 or below. 
Application of 50 ppm of activated car- 
bon at the pH of the well water, 8.0, 
failed to reduce the fluoride content. 
On a plant scale the cost of reducing 
the pH, treating with carbon, and then 
raising the pH would be excessive, so 
that this was not attempted in the 


laboratory. 
Calcium phosphates and ion ex- 
changers. The use of ion exc rs 
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or any of the various forms of calcium 
phosphate was rejected on the basis 
of experience in other places (7) and 
the high costs involved. 

Activated alumina. Although this 
method was not tested in the labora- 
tory, it is probable that the direct 
chemical costs for fluoride reduction at 
La Crosse would be lower for the acti- 
vated alumina method (7) than with 
the alum flocculation method as pro- 
posed. Under the prevailing condi- 
tions at La Crosse, however, the alum 
flocculation method has several distinct 
advantages over the activated alumina 
process and other methods: 


1. The soft water is ideally suited to 
fluoride reduction by alum flocculation. 
In higher concentrations, calcium and 
magnesium would interfere with this 
method of treatment. 

2. The treatment plant would be of 
simple conventional design in contrast 
with the more complex plant required 
for the activated-alumina process and 
other methods of treatment. 

3. The ease of operation is such that 
no special operating skills are required. 

4. Iron and manganese do not inter- 
fere with fluoride removal by the alum 
flocculation method, and they may also 
be removed in the process by the addi- 
tion of chlorine to the raw water. 

5. The plant could be adapted read- 
ily without major changes or additions 
to treatment of water from other 
sources which may be developed in the 
future. 

6. Waste disposal is not a problem 
even though the plant wastes must be 
discharged to a dry-water course. The 
alum sludge may be handled satisfac- 
torily in an overflow lagoon. 

7. Only conventional water purifica- 
tion chemicals are needed, and there 
are no strong alkalies or acids to be 
handled. 
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On the basis of these advantages, 
the alum flocculation method was rec- 
ommended over the activated alu- 
mina process. 


Proposed Plant 

The city has employed a consulting 
engineer who has reported favorably 
on the feasibility of constructing and 
operating a plant to treat the existing 
water supply by the alum flocculation 
method with incremental feeding of 
alum as compared to developing and 
treating water from the alternate 
source of supply. The proposed plant 
would include the following : 


1, Addition of 225-315 ppm of alum 
(Arrangements would be made to feed 
alum through division boxes to any or 
all of 3-4 points of application in the 
rapid-mix basin and to 6 points of 
addition in the flocculation basin.) 

2. Addition of chlorine for iron re- 
moval. (Aeration is not recommended, 
since it is desirable to retain as much 
of the natural carbon dioxide in the 
water through the flocculator as pos- 
sible. This will keep the pH low and 
increase the efficiency of the alum in 
fluoride removal. ) 

3. Rapid mixing of 1 to 2 min, pos- 
sibly in two units in series 

4. Flocculation for 30 min (Incre- 
mental feeding probably could best be 
carried out in an axial flow unit with 
a high length-to-width ratio.) 

5. Addition of 15-20 ppm of lime 
(The lime should be added in the last 
section of the flocculation basin.) 

6. Settling of 24 hr detention 
(The basin should be equipped with 
mechanical sludge remova! equipment. ) 

7. Filtration by gravity, rapid sand 
filters. 

8. Sludge ponding (A large over- 
flow pond will probably be the best 
means to dispose of waste alum sludge. ) 
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The maximum recommended flu- 
oride content as presently set by the 
Drinking Water Standards (8) is 1.5 
ppm. The cost of alum (225 ppm) 
and lime (15 ppm) to reduce the flu- 
oride content of the La Crosse water 
from 3.6 ppm to 1.5 ppm is 5.8 cents 
per 1,000 gal. Based on an average 
annual city use of 150,000 gpd this 
would amount to about $3,200 per 
year. In other terms, this would be 
about $2 per person per year, or an 
increase of about 60 cents per month 
in each water bill to cover these operat- 
ing costs. 

From the dental standpoint, the op- 
timum fluoride content for Kansas 
waters is 1.0 ppm. The cost of alum 
(315 ppm) and lime (20 ppm) to re- 
_ duce the fluoride content of the La 
Crosse water to 1.0 ppm is 8.0 cents 
per 1,000 gal. 


Conclusions 


The tests demonstrated that the flu- 
oride content of the La Crosse water 
may be reduced to any desired level 
by controlled alum dosages. It was 
found that the total alum dosage might 
be reduced 10 per cent by feeding the 
alum in increments during the mixing 
and flocculation processes. Since the 
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cost of the alum is the principal ex- 
pense in the operation of the plant, 
this is an important modification of the 
original method. The method is one 
which should not be overlooked for 
treatment of other soft, high-fluoride 
water supplies. 


References 


1. Scort, R. D., er at. Fluoride in Ohio 
Water Supplies—Its Effect, Occur- 
rence, and Reduction. Jour. AWWA, 
29:9 (Jan. 1937). 

. Kemer, C. A., er AL. The Removal of 
Fluorine From Drinking Waters in the 
State of Iowa. Proc. lowa Acad. Sci., 
41:153 (1934). 

. Kemer, C. A., eT AL. Studies on the Re- 
moval of Fluorine From Drinking 
Waters in the State of Iowa. Proc. 
Iowa Acad. Sci., 41:191 (1936). 

. Borurr, C. S. Removal of Fluorides 
From Drinking Waters. Ind. Eng. 
Chem., 26:69 (1934). 

. Borurr, C. S., et at. Adsorption of Flu- 
orides From Salts by Alum Floc. Ind. 
Eng. Chem., 29:1154 (1937). 

. McKer, R. H. & Jonnson, W. S. Re- 
moval of Fluorides From Drinking 
Water. Ind. Eng. Chem., 26:849 
(1934). 

. Mater, F. J. Defiuoridation of Municipal 
Water Supplies. Jour. AWWA, 45 :879 
(Aug. 1953). 

. Drinking Water Standards. Pub. Health 
Repts., Reprint No. 2697. USPHS, 
Washington, D.C. (Mar. 15, 1946). 


Aspects of the Sinking of Mexico City and 
Proposed Countermeasures 


Alfred Loehnberg 


A contribution to the Journal by Alfred Loehnberg, UNESCO Hy- 


IHE reasons for the sinking of 
Mexico City have been clarified 
satisfactorily by measurements, experi- 
ments, and calculations carried out dur- 
ing the last decade (1,2). It has been 
found that the contraction and compac- 
tion of the uppermost clay complex— 
at least 100-ft thick—on which most of 
the city stands is due not only to sur- 
face drainage from the aquifer and to 
the abstraction of water through nu- 
merous shallow wells from the aquifer 
underlying the colloidal top clays, but 
mainly to the reduction of pressure 
caused by pumping from deeper layers. 
Although most of the 3,000 shallow 
wells dug by private individuals to a 
100-325-ft depth have contributed to 
the draining of the soil, a far more 
powerful influence has been exerted on 
the hydraulic pressure in the upper- 
most formation by pumping from 200- 
240 municipal wells, drilled usually to 
a 325-1,000 ft depth. Abstraction 
from the individual wells is on the 
order of 90 cfs and that from the public 
wells reaches 230 cfs. Originally, the 
wells in the central part of the city 
delivered water under artesian pres- 
sure. In the course of the last 18 
years, this pressure has gradually de- 
creased and led to a lowering of the 
static level in the center of the city— 
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el 7,346-53 ft—to less than surface 
levels. Continuation of pumping at 
the exaggerated present rate of 320 
cfs will cause the static level to sink 
further by about 5 ft per year. This 
in its turn will produce a continued 
sinking of the city—the present rate is 
about 1 ft per year—until the present 
sinkage of 20-23 ft increases to about 
66-72 ft. By that time, a maximum 
compaction of the soil will have been 
attained and further withdrawal of 
water from the underground aquifers, 
with the concurrent lowering of the 
water table, would cause no additional 
sinking of the city. 

Because the continued sinking— 
which is by no means uniform through- 
out the city—damages existing struc- 
tures (Fig. 1 and 2) and forces con- 
stant changes in the water distribution 
and sewage systems, the authorities in- 
tend to reduce pumping from under 
the city aquifers at the earliest possible 
date. It is thought that a decrease in 
withdrawal from 320 cfs to about 90 
cfs will balance natural recharge and 
abstraction. If all the municipal wells 
were to cease operating—they now 
deliver about 230 cfs—a further reduc- 
tion in pressure would be prevented 
and the sinking of the city would soon 
afterward come to a standstill. 
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The problem, therefore, consists in 
finding large additional sources of wa- 
ter outside the hydrological limits of 
the city and in making them available 
for distribution within a short time 
(3). This task is greatly complicated 
by three facts: 

1. The present supply falls short of 
present needs. 

2. The city is growing rapidly and 
needs water not only in proportion to 
the growing population, but also in 
relation to the rising per capita con- 
sumption which derives from a rising 
standard of living and an expanding 
industry and agriculture. 

3. The distribution network is inade- 
quate at present and requires compre- 
hensive realignment, replacement, and 
enlargement. 

As long as sufficient quantities of 
new water are not available, pumping 
from under the city will continue, with 
all the grave consequences known. 
The question arises whether further 
sinking of the soil can be prevented or 
even delayed with pumping continuing 
at or near the present rate while the 
expanded and improved supply system 
is being developed. Several possible 
solutions follow. 


Deep Aquifers 


The subsoil of the Valle de Mexico 
near the city consists of numerous 
aquifers separated from each other— 
either partly or completely—by imper- 
vious layers. The potential in the 
various aquifers differs by as much as 
82 ft in some parts of the city, as shown 
by observations in 1952 for five aqui- 
fers between the surface and a 311-ft 
depth. It may be expected that in the 
aquifers below 311 ft potential differ- 
ences will also exist between the dif- 
ferent water-bearing layers. These 
differences prove the partial hydrologic 
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independence of the productive forma- 
tions. 

So far, the private wells have ex- 
ploited only the upper aquifers to a 
maximum of 325—500-ft depth and the 
public wells have penetrated mostly to 
a 500-1,000-ft depth. An exploratory 
well is said to have gone as deep as 
1,640 ft without encountering bedrock. 
The results of gravimetric surveys sug- 
gest an irregular bottom relief at an 
estimated depth of 3,300 ft. 

It may be assumed, therefore, that 
water-bearing layers continue in depth 
intermittently to the bottom of the val- 
ley and contain water of usable qual- 
ity and of a potential largely similar 
to that in the upper aquifers. It may 
be further assumed that, under large 
parts of the city, the deep aquifers are 
partially or completely separated from 
each other and from the upper stock- 
works by impermeable layers. If, un- 
der these circumstances, wells were to 
be drilled to perhaps 2,625 ft to ex- 
ploit water-bearing complexes between 
roughly 2,000—2,625 ft ( with the higher 
parts of the boreholes sealed off against 
the upper aquifers) the reduction of 
potential from the abstraction of water 
would communicate itself to the top 
layer only after a long period. This 
period might be long enough to provide 
the breathing spell which the city needs 
in order to bring water from distant 
sources. 

To evaluate the practicability of the 
proposal, it would be necessary to de- 
termine the physical and mathematical 
conditions of water abstraction by the 
use of a multilayer model of the Valley 
de Mexico to its bottom. Time factors 
for the reduction of water potentials— 
assuming pumping at present rates— 
would have to be calculated, and deep 
geoelectric surveys accompanied by 
some test drilling would be needed to 
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Pig. 1. Effects of Sinking of Soil at Mexico City 


Top view is of section of pipeline (left), supported on pillars and originally below 

street level, which is emerging as ground level at either side falls. Lower photograph 

shows building unsupported by pillars sinking under own weight more rapidly than 
sidewalk 
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outline the configuration of the valley 
floor and to determine the total thick- 
ness of the aquifer. The economics of 
replacing the existing shallow wells 
with deep wells would also have to be 
calculated. 


Selected Recharge 


Artificial recharge has for some time 
been regarded as a means to restore the 
disturbec balance of water in the drain- 
age area associated with the capital. A 
number of inverted wells have been 
constructed—particularly in the Mix- 
coac section of the city—and have given 
good results in charging the subsoil 
with desilted runoff. In order for such 
operations to be effective, large amounts 
of water would have to be provided and 
led underground during the rainy sea- 
son when surplus is available. 

Optimum results in the delaying of 
sinking could be obtained by charging 


the first main aquifer—that is, the up- 
permost porous formation underlying 
the colloidal sediments of the ancient 


Texcoco Lake. This means that the 
position, distance from each other, and 
cepth of inverted wells would have to 
be adapted to the geohydrological con- 
ditions prevailing just under the im- 
permeable top stratum. 


Pressurizing With Air 


Before 1938, when pumping was 
started on a large scale in Mexico City, 
most of the aquifers stood under arte- 
sian pressure. The water which freely 
flowed to the surface from wells, usu- 
ally increased in quantity with the 
depth of the borehole. Geohydrologi- 
cally the situation could be compared 
to a large vessel having water influx 
from all sides into a multilayered stor- 
age system and bearing in its center a 
large lid which kept the basin from be- 
coming permanently flooded in its low 
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central portions. Although the pres- 
sure under the “lid” has been reduced 
to such an extent that artesian ground 
water scarcely exists within or near 
the city, the dimensions and mechanical 
conditions of the “vessel” have not 


Casing is of well drilled in 1923 and is 
located in part of city where sinking was 
exceptionally severe. 


changed greatly. The lid still exists, 
although it has sunk by a few feet and 
its hardness and impermeability have 
increased slightly through compaction 
of its components. This means that ° 


| ; 
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Fig. 2. Exposed Well Casing : 
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there still exists a water container pre- 
pared by nature for artesian conditions. 

Under these circumstances it might 
be possible to inject compressed air 
into the uppermost aquifer and thereby 
increase the potential of the water still 
in it. 


Closing of City Wells 


Although, from an administrative 
point of view, it would seem easier to 
close part or most of the municipal 
wells rather than the private ones, it 
would be preferable from the hydro- 
logical and soil technology viewpoints 
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to start with the elimination of the 
private wells. Because the private 
wells are the shallow ones, their elimi- 
nation would restore at the earliest 
date pressure in the uppermost aquifer. 
This is the one which can be damaged 
most easily by infiltration of harmful 
bacteria. It should be reserved as a 
natural filter medium but not used for 
direct abstraction. In addition, the 
control over pumping and recharge 
which the city needs for a long period 
would be extremely difficult to carry 
through during the continued operation 
of a large number of small wells. 


Part 2—Details of Use of Artificial Positive 
Ground Water Levels 


The term “artificial water level” is 
understood to mean a piezometric level 
of ground water created for and main- 
tained over a limited area. The arti- 
ficial level, if lower than the water 
table which existed under natural un- 
disturbed conditions or under previous 
manipulated conditions, is called a 
negative artificial level. If raised 
above the natural or previous position, 
it may be referred to as a positive arti- 
ficial level. 


General Applications 


Negative levels are usually produced 
in order to drain land to render it more 
suitable for agricultural or urban pur- 
poses. The creation of negative levels 
is also well known in connection with 
deep construction works such as cel- 
lars, foundations, tunnels, shafts, and 
mines. The concept of positive arti- 
ficial levels is relatively new. Objects 
for its application are numerous, but 
earth scientists and engineers are only 
slowly becoming aware of its poten- 
* tialities. Positive artificial levels may 


be produced to maintain or attain a 
certain texture of the ground beneficial 
for crops, or a uniformity or stability 
needed for construction. Positive arti- 
ficial levels may be used to provide 
aesthetic or recreational projects and 
may serve transport or water supply 
functions, as in canals and artificial 
lakes planned for a natural soil sur- 
face. In regional ground water plan- 
ning—such as is conducted in Cali- 
fornia and Israel—artificially raised 
levels near the shore may protect 
coastal aquifers against the intrusion 
of sea water, may restrict to a mini- 
mum outflow of fresh water into the 
sea, and may permit a maximum ex- 
ploitation of the aquifer behind a pro- 
tective “wall” (Fig. 3). It may pro- 
vide an artificially raised plateau which 
is part of a ground water body below 
(Fig. 4) or a suspended artificial 
ground water body, “floating” above a 
natural ground water horizon (Fig. 5). 
Such an artificial hydrologic structure 
might be created in answer to a need 
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for a thin, ground water sheet under 
a relatively small area. This might be 
used where the desired level is near 
the surface relative to the natural 
ground water horizon which lies at a 
much greater depth. A factor which 
would facilitate creation of a suspended 
ground water body would be low per- 
meability in the zone between the sus- 
pended and the genuine horizon. The 
suspension would in neither instance 
be complete, except under those condi- 
tions where the artificial ground water 
body rested on a naturally impermeable 
stratum or on an artificially consoli- 
dated layer. Where these separating 
media do not exist, the hydrological 
relations between the floating and the 
natural ground water horizon would be 
similar to those between a small sur- 
face lake and a deep horizon. This 
means that part of the permeable for- 
mation between the two water bodies 
would be filled with water infiltrating 
vertically under gravity force, part 
would flow sidewards to fill empty 
pores in the surrounding formation, 
and a third part might be returned to 
the surface by the forces of capillary 
action, plant root transfer, and -soil 
temperature differences. 


Possible Use at Mexico City 


The water department of the Fed- 
eral District in Mexico (Obras Hi- 
draulicas, D.F.) faces the question of 
using positive artificial levels as solu- 
tions to three problems. The first is 
developing and maintaining under the 
whole built-up area of the city a water 
level which stops further structural 
damage at the earliest possible date. 
In selecting an “ideal” water table for 
this purpose, to be considered are such 
factors as the past history of the sink- 
ing of the city, with effects already 
produced; the optimum efficiency of 
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drainage; health conditions; and the 
amelioration of flood damage. Ascer- 
taining the desirable water level can 
and must be started before the water 
required for the creation of the new 
level is at the disposal of the authori- 
ties. The desirable water level is not 
the level which will have been reached 
when ample alternative water sources 
have been made available and when 
pumping from under the city can be 
curtailed radically, for further sinking 
and damage will result during the time 


Artificial Positive 


sion of Sea Water 


Dashed line represents water table before 
exploitation of water; upper dotted line, 
limit of exploitation without barrier; 
lower dotted line, potential limit with bar- 
rier afforded by artificially raised level. 


lags between water abstraction, water 
level reduction, clay compaction, and 
transfer to structures. It must also be 
assumed that the quantity of water 
needed for the reduction of pumpage 
and for the raising of the level will not 
be available at one time, but will be at 
the disposal of the water planners in 
stages only. 

The assumption that a reduction of 
pumping from 320 cfs to 90 cfs would 
balance natural recharge with a perma- 
nent withdrawal of 90 cfs, may be cor- 
rect, but it appears doubtful whether it 
would be desirable to seek a balance be- 
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tween natural infiltration and abstrac- 
tion through wells located in the center 
of the city. Because the soil under the 
built-up area is almost impervious, 
natural charging takes place principally 
at the borders of the basin—where the 
main well fields should be installed. 
Optimal withdrawal at the borders of 
the drainage area will produce a lower- 
ing of the ground water table near the 
foot of the mountain area (Fig. 6). 
This is likely to restrict the natural re- 
charge under the city’s soil to less than 
the natural volume. 


Injection Wells 
Ground Level 
Plateau 
Natural 
Water Table 


Pig. 4. Artificially Raised Plateau 


Plateau is part of ground water body 
below. 


Thus, the object of attaining and 
retaining a desirable water level under 
the city should be separated from the 
object of obtaining optimal quantities 
of ground water from the border of the 
Mexico basin. Each requires a differ- 
ent technical solution—the first, regula- 
tion by recharge; the latter, limitation 
only by the yield of the aquifers under 
proper manipulation and exploitation. 

The wisdom of using the resources 
of the Mexico drainage basin has been 
confirmed by the fact that water is 
available in quantities sufficient to 
cover a major portion of the Federal 
District’s needs. The water is of good 
quality and will cost less than that de- 
rived from other sources. From the 
security point of view, it is always de- 
sirable to abstract water for a large 
population from nearby and naturally 
protected ground water at well distrib- 
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uted points in quantities which at least 
preserve a minimum for emergency 
demands. 

Because the procedures and prepara- 
tions to delay and ultimately to stop 
the sinking of Mexico City will not 
become effective immediately, it may 
be desirable to protect selected objects 
in the interim by minor water level 
manipulations before the larger opera- 
tion. This would constitute the second 
possible use of positive artificial levels. 
The objects to be protected might com- 
prise historic structures or buildings 


Injection Wells y 


Fig. 5. Suspended Ground Water Body 


Arrows show direction of movement of 
infiltrating water and water moved by 
capillary action and plant root transfer. 
Dotted line shows slight raising of water 
table by infiltration from above. 


essential to the public welfare. The 
Xotepingo pumping station provides a 
suitable example (4). The reduction 
of the water table and its lowering as 
a result of excessive pumping in the 
nearby Xotepingo well field, followed 
by compaction of the upper clay layers 
and their sinking, has caused and is 
causing grave damage to the station. 
A change in the type of foundations— 
from pillar type to float—might be 
costly. Isolation of the station by con- 
trolled recharge, with an artificial 
water table raised above the hydro- 
static environment would create per- 
manent uniform subsoil and _hy- 
draulic conditions. Flexible intake 
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and output connections could be made 
to present and future aqueducts lead- 
ing into and out of the station. 


Xochimilco 


The third useful application of a 
local positive artificial level in the 
Mexico City area would be at Xochi- 
milco, 3—5 mi southeast of the southern 
border of the built-up area (5). The 


large lake which existed there, is 
shrinking and the level in the beautiful 
canals which form the basis of tourist 


attractions and of intensive garden and 
flower culture is falling. The drop in 
the water level is due to drainage and 
flood prevention measures, to an in- 
crease in irrigation around Xochimilco, 
and to the abstraction of water for the 
supply of Mexico City—at a rate of 
5 cfs—from some of the springs which 
formerly fed the lake and the canals. 
The excess of pumping within Mexico 
City limits may also have influenced 
adversely the hydrologic regime in the 
Xochimilco region. The projected in- 
crease of pumping from the aquifers 
underlying the southern hinterland of 
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Fig. 6. Artificial Plateau in Relation to Mexico City 


Dashed line shows water table before exploitation of water; dotted line, water table 
upon exploitation. 
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Xochimilco may accelerate this lower- 
ing of the water table. 

If abstraction of water at Xochi- 
milco were to stop, the water level 
would, of course, rise and the local 
problem of restoring a high level in 
the earth canals might be solved. The 
costs in terms of water quantities, how- 
ever, would be very great and the dan- 
ger of floods in the southern sectors of 
the city would increase during rainy 
years. Evaporation and evapotrans- 
piration losses from a natural, perma- 
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nently high water table might be 3-6 
times greater than the water quantities 
required for artificially feeding the 
canals during the dry season. Engi- 
neers of the water department at Mex- 
ico City have calculated that roughly 
1.0-1.3 cfs would be a sufficient rate 
of artificial recharge to restore Xochi- 
milco Lake to a desirable size and to 
retain a good level in the canals. The 
suspension of the lake and the canal 
levels above the future depressed level 
of the main aquifer at the border of 
the Xochimilco zone and below the 
lake and canal bottom would be aided 


| 
~ 
——Weils We 
~ 
~ 
*. ~ 
Springs 
Wie =| — 


440 


by low permeability of the collidal 
soil—which represents a residue of the 
former large Xochimilco Lake. 
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Installation, Operation, and Maintenance 
of Water Pumps 


David L. Gallagher 


A paper presented on Sep. 25, 1957, at the North Central Section 
Meeting, Fargo, N.D., by David L. Gallagher, Mgr., Public Works 


EFORE a pump can be operated 

and maintained it must, of course, 
first be installed. Although installa- 
tion may not be of primary interest, 
there may be occasions when super- 
vision or inspection of installation work 
is of importance. 


Installation 


There are several points to be con- 
sidered in pump installation : 

The pump should be located so that 
it is easily accessible for inspection 
during operation. At the same time, 
attention should be given to keeping 
the suction and discharge piping ar- 
rangement as simple as possible. In 
general, suction piping should be made 
as short as possible and a suction head 
provided in order to avoid the neces- 
sity of priming. On large pumps there 
should be ample head room to allow 
the use of an overhead crane and a 
supporting structure sufficiently strong 
to lift the heaviest part of the unit. 
Motors should not be located in damp 
places. 

After a suitable location has been 
selected, the foundation must be prop- 
erly prepared. This may consist of any 
structure that is sufficiently heavy to 
afford permanent, rigid support at all 
points of the bedplate and that can 
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absorb any amount of vibration that 
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may develop from any cause. 

Concrete foundations built up from 
solid ground are most commonly used. 
An ample allowance for grouting 
should be made between the underside 
of the baseplate and the top surface of 
the concrete foundation. Foundation 
bolts should be accurately located ac- 
cording to the drawing or template and 
each bolt surrounded by a pipe sleeve 
three to four diameters larger than the 
bolt. After the concrete has been 
poured, the pipe is held solidly in place 
although the bolts inside may be moved 
to conform to the holes in the bedplate. 
When the unit is mounted on steel 
work or other structure, it should be 
set directly over or as near as possible 
to the supporting beams and walls and 
be so supported that the base plate can- 
not be distorted nor the alignment dis- 
turbed by any yielding or springing of 
the structure. 

The bedplate is ordinarily grouted-in 
before piping connections are made. 
The usual mixture for grouting is com- 
posed of one part pure cement and 
two parts sand, with sufficient water 
to cause the mixture to flow freely 
under the bedplate around which a 
wooden form should be built to contain 
the grout and provide sufficient head 
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to insure a flow of the mixture under- 
neath the entire bedplate. 

The grouting should be allowed to 
set for 48 hr, after which the nuts and 
foundation bolts should be firmly tight- 
ened. Horizontal units, in which the 
pumps and their drivers are shipped 
mounted on the baseplate, should be 
supported over a foundation on shims, 
allowing space for grouting between 
the bottom of the baseplate and the 
rough top of the concrete foundation. 
The coupling bolts should be removed 
before proceeding with the leveling 
and the pump and driver shimmed 
up. Checking of alignment can be 
accomplished by the use of a straight 
edge across the top and sides of the 
coupling while the faces of the cou- 
pling half are checked for parallel dis- 
position by means of a thickness gage 
or set of feelers. When the couplings 
are perfectly true—on both faces and 
outside diameters—exact alignment 
will show the distance between the 
faces to be the same at all points and 
the straight edge will lie squarely 
across the rims at any point. 

After all piping has been attached to 
the pump, alignment must be checked 
again, because pumps are easily sprung 
and pulled out of position by the draw- 
ing up of bolts and pipe flanges when 
the flanges are not brought squarely 
together before the bolts are tightened. 
Particular care must be taken to sup- 
port properly the suction and discharge 
piping so that they do not exert a 
strain or pull on the pumps. Pipe 
strains are a common cause of mis- 
alignment, hot bearings, worn couplings, 
and vibration. Aside from misalign- 


ment, the greatest number of troubles 
with centrifugal pumps can be traced 
to faulty suction line.- Too much em- 
phasis cannot be given to the impor- 
tance of the suction line when install- 
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ing a pump. The pipe should never be 
of a size less than that of the pump 
suction opening and should be as short 
and direct as possible. Where a long 
suction line cannot be avoided, the size 
of the piping should be materially in- 
creased. Air pockets or high spots in 
a pump suction line will invariably 
cause trouble. Piping must be laid so 
as to provide a continual rise—without 
high spots—from the source of supply 
to the pump.. The suction pipe should 
project into the well or source of sup- 
ply a sufficient amount to insure that 
the pipe is adequately submerged when 
the water is at its lowest level with the 
pump operating. Large pipes are usu- 
ally submerged four times their diame- 
ter and small pipes require 2~3-ft sub- 
mergence. Suction pipe should be 
blanked off and hydrostatically tested 
for air leakage before starting a pump. 
Discharge pipe should be installed with 
a check valve and gate valve near the 
pump outlet. The check valve provides 
protection from back flow. On the 
stuffing boxes, square, soft, asbestos- 
graphite packing, or its equivalent is 
recommended. The ordinary grades of 
flax packing are not recommended for 
centrifugal pumps with bronze shaft 
sleeves because rapid wear of sleeves 
may result. To pack centrifugal 
pumps properly, exact-length packing 
rings, cut square, should be inserted 
separately and pushed as far into the 
stuffing box as possible by means of a 
gland. The split of successive packing 
rings should be rotated 90 deg from 
those adjacent. 

Where water sealing is to be used, 
the water seal casing should be inserted 
after two or three rings of packing, 
making sure the cage is brought di- 
rectly under the pipe connection. 
Enough additional packing should be 
inserted to allow the glands to be 
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loosely drawn up. Where vertical 
pumps are being installed, there is, of 
course, the problem of shafting and 
installation of the motor on the 
motor floor level. Care should be 
taken that the shafting and guide bear- 
ings, where used, are properly aligned 
before being finally bolted. With the 
pump installed, pipe attached, and 
motor connections completed, there are 
still some points to check before at- 
tempting to start the pump and put it 
in operation. 

Before the motor itself is connected 
through couplings or shafting to the 
pump, it should be tested for rotation 
to see that it is operating in the same 
direction as shown by the arrow on the 
pump casing. The valves on the water 
seal supply line to the stuffing boxes 
should then be opened and the pump 
primed. The pump should not be 
operated unless it is full of water as 
there is danger of injuring those inter- 
nal parts which depend on water for 
lubrication. It is always recommended 
that suction and discharge lines be 
tapped and provided with gage valves 
for possible testing of pressure in the 
future. Certain standard units have 
suction and discharge nozzle flanges 
drilled and tapped for }-in. pipe. 


Starting 

Final inspection of all parts should 
be made carefully before starting the 
pump. It must be possible to revolve 
the rotors by hand. The bearings 
should be checked and ball bearings 
supplied with a good grade of acid- 
free lubricating grease. Oil-lubricated 
bearings should be filled level with 
the overflow. When the pump is full 
of liquid, the suction valve open, and 
the unit otherwise ready, a note should 
be made of the vacuum or static pres- 
sure on the suction gage, the driver 
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started, and the pump observed to see 
that it comes up to speed smoothly. 
The pump may be operated for a few 
minutes with the discharge gate valve 
closed without overheating or dam- 
age. Pumps will overheat, however, 
when operating for any extended time 
with a closed discharge. The differ- 
ence between the horsepower input 
to the pump and the water horsepower 
output is lost in the unit. This power 
loss is converted into heat and trans- 
ferred to the liquid passing through 
the pump. When operating at shut- 
off point—that is, with the discharge 
valve closed—power losses equal the 
horsepower at shutoff. Because there 
is no flow of liquid through the pump, 
all of this horsepower goes into heat- 
ing the small quantity of liquid in the 
pump, causing the casing itself to be- 
come overheated. In some types of 
installation, there are bypasses around 
the pump so that there is a flow until 
the main discharge gate valve is 
opened—at which time the bypass 
valve is closed. 

With the larger pump installations, 
a more extensive tryout than that de- 
scribed above should be made. When 
this is necessary, the vent valves should 
be kept open to release pocketed air 
in the pumping system. Circulation of 
water prevents the pump from becom- 
ing unduly heated. When satisfied 
that the pump may be put on the line, 
close the vent valve and open the dis- 
charge valve slowly. At this point, if 
the absolute pressure on the suction 
head shows a considerable drop com- 
pared to the pressure of the pump at 
rest or if the discharge pressure does 
not register the moment the rotor is 
at or near operating speed, the driver 
should be stopped and all valve open- 
ings checked on the suction side. The 
pump should not be operated until it 
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is certain that there is a free and ample 
supply of water and no obstruction in 
the pipe. 

The step-by-step procedure in start- 
ing a motor-driven pump can be sum- 
marized as follows: 

1. Prime the pump after opening 
the suction gate valves and closing the 
drains. 

2. Open the valve in the cooling- 
water supply to the bearing. 

3. Open the valve in the cooling- 
water supply where water-cooled stuff- 
ing boxes are used. 

4. If there is a sealing-liquid supply, 
open that valve. 

5. Start the motor. 

6. Open the discharge gate valve 
slowly. 

7. Observe the leakage from the 
stuffing boxes and adjust the sealing- 
liquid valves for proper flow to insure 
packing lubrication. 

8. Check mechanical operation of 
the pump and motor. 

In some installations, after the first 
starting operation the discharge line 
remains full of liquid and, because this 
liquid is on the upper side of the dis- 
charge check valve, it imposes a head 
on the pump of sufficient magnitude 
for starting purposes. It is possible in 
such circumstances, after the priming 
or venting, to fill the casing with water 
and start the pump with both suction 
and discharge gate valves open. 


Operation 


Bearings should be carefully watched 
for signs of overheating. For oil- 
lubricated bearings, draining is recom- 
mended, with washing out and renewal 
of oil at regular intervals—particularly 
during the first few months of opera- 
tion. With grease-lubricated ball bear- 
ings, the amount of servicing with ad- 
ditional grease will vary with each unit. 
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For example, on some large motor 
bearings, once a year is sufficient; but 
under heavy operating conditions, every 
2 or 3 months may be required. The 
space in the bearing housing should be 
about one-third full. With the proper 
grease, if temperature conditions are 
correct, there will be no softening and 
consequent escape of lubricant from 
the bearings. In some installations 
there are pressure fittings on the pump 
and there may be lines from the motor 
floor to the bearing. In these types of 
installation, it is very easy to get too 
much lubricant on the ball bearings, 
which results in their becoming tightly 
packed with grease. This prevents 
rolling, and the resulting friction even- 
tually destroys the bearing. It is ap- 
preciated that in oil-lubricated bear- 
ings, daily attendance and oiling must 
be maintained. Grease-lubricated bear- 
ings, however, need attention only at 
very infrequent intervals of perhaps 3 
months or more. 

Normally, a check valve in the dis- 
charge line near the pump is used when 
stopping the pump. With such an ar- 
rangement the pump can be shut down 
by stopping the motor. The valves in 
the discharge line should be closed 
first ; then those in the suction portion, 
the cooling-water supply, and any other 
connections leading to the pump or 
system. If there is any possibility on 
high-pressure lines of shock on the dis- 
charge line, the discharge gate valve 
should be shut first, eliminating any 
shock to the pump. To stop a pump 
which has been started against the 
check valve and with the discharge 
gate valve open—after closing the gate 
valve and stopping the motor—the 
valves should be closed in the sealing- 
liquid line, then those in the bearing- 
cooling water and stuffing box—cooling 
water lines, and finally the suction 
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valve. Drain valves should be left 
open. Partial draining through the 
glands will occur when a pump is not 
operated for some time and, for this 
reason, a pump should always be 
primed before starting. 

Throttling a pump’s suction to re- 
duce its delivery reduces the absolute 
pressure at the impeller inlet and re- 
duces the capacity by forcing the pump 
to operate beyond its optimum stage. 
Such operation is harmful and results 
in cavitation. 

Throttling the suction may be per- 
missible in those special situations 
when suction pressure exceeds by a 
good margin the minimum required— 
such as on the second pump of a series 
unit. The effect, then, is not to reduce 
the capacity, but to reduce the total 
head generated by the series unit. 
Generally, throttling of the suction in 
the pump should not be done, because 
throttling on the discharge gives satis- 
factory results. 

Centrifugal pumps should operate 
for long periods with practically no 
attention other than a check that there 
is always a drip from the glands, and 
a change of lubricating oil at regular 
intervals where oil-lubricated bearings 
are used. Ball bearings should be ex- 
amined and the lubricant changed at 
intervals not longer than 1 year. 
Pumps, even when in good operating 
condition, will leak without vibration. 
Bearings operate at a constant tem- 
perature which is governed somewhat 
by the location of the unit. This tem- 
perature may be as low as 100°F, but 
an operating temperature of 150°F or 
over is not necessarily abnormal. The 
thrust-bearing temperature may vary 
with pump capacity, being usually 
maximum temperature at minimum 
flow. If a pump does not contain 
liquid, there will be vibration and over- 
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heating as a result of contact between 
stationary and revolving parts. Cold 
or comparatively low-temperature liq- 
uids should not be admitted to a heated 
pump quickly as this may result in 
fracture or distortion of the pump. 
Vibration is also observed if there is 
any excessive wear on the pump rotor 
or in the pump bearing which would 
result in the pump and motor shaft 
getting out of alignment. 

Usually pumps are driven by motors 
of the squirrel cage, induction type for 
constant-speed operation. In those in- 
stallations where it is desired to vary 
the capacity of a pump, wound-rotor 
motors are used. A fairly recent de- 
velopment on large pumps is the use 
of a magnetic drive. With this type 
of drive an infinite number of speed 
steps can be obtained, allowing very 
close control of the wet-well level by 
varying the pump speed. Of course, 
both horizontal and vertical motors are 
used and, with vertical motors, both 
hollow and solid shafts. 


Causes of Trouble 


If the pump is not delivering or is 
delivering insufficient capacity or in- 
sufficient pressure, the reasons may be 
one or more of the following: 

1. Pump not primed 

2. Speed low 

3. Total delivery head higher than 
that to which the pump is rated 

4. Suction lift too high (Normal 
limit is 15 ft.) 

5. Foreign material in impeller 

6. Wrong direction of rotation 

7. Excessive air in the water 

8. Air leakage in suction pipe or 
stuffing boxes 

9. Insufficient suction pressure for 
the vapor tension of the liquid (This 
would apply where hot liquids were 
handled. ) hi 
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10. Mechanical defects—such as 
worn wearing rings, damaged impeller, 
or defective casing gasket—all of which 
allow leakage. 

Loss of water after starting may be 
caused by: 

1, Air leakage in the suction line 

2. Plugged water seal piping 

3. Too high suction lift 

4. Excessive air or other gas in the 
water. 

Overloading of the driver by the 
pump may be a result of: 

1. Too high speed 

2. Total delivery head lower than 
the rating (The pumps may be pump- 
ing too much water “too far out on 
the curve”—that is, operating between 
its optimum stage. ) 

3. Mechanical defects. 

Vibration may be caused by: 

1, Misalignment 

2. Foundation not sufficiently rigid 

3. Foreign material in the impeller 
causing unbalance 

4. Mechanical defects such as worn 
bearings or a bent shaft rubbing a ro- 
tating element. 

If a pump is operating “in the 
break”—that is, beyond its optimum 
operating stage, it will produce a 
crackling noise which is caused by the 
excessive suction lift. There are occa- 
sions when pumps which operate satis- 
factorily under full-discharge capacity 
lose their suction when throttled to a 
lower rate of flow. This may be 
caused by air leakage in the pump. 
At the full-discharge condition the 
velocities of the liquid in the pump 
casing are sufficiently high to wash air 
constantly into the discharge pipe, but 
at reduced capacity the lower veloci- 
ties may not wash out the air which 
accumulates in the casing top and 
causes the pump to lose its prime. 
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When pumps are not in use they 
should be turned over by hand or 
power at least once a week. All 
pumps should be opened for examina- 
tion approximately once a year. 


Bearings 


Typical bearing construction has the 
outboard bearing a thrust bearing or 
thrust and line bearing combined, being 
a shrink fit on the shaft or sleeves and 
secured, in addition, with a special nut 
and lock washer. Outer races are held 
against end movement between the 
shoulder and the bearing housing and 
the spigot on the thrust-bearing cover. 
The inboard bearing is shrunk on the 
shaft, for the outer race must have 
lateral clearance to allow for expansion 
of the shaft and to prevent binding 
which causes rough operation. The 
outer races of both bearings are close 
sliding fit in their housing and the 
sleeves on both sides of the inboard 
bearing are shrunk on the shaft. A 
pulling device is required for removal 
of ball bearings. The pulling jaws or 
fingers must locate behind the shoulder 
of the inner ball race or its adjacent 
sleeve—never from the outer race. 
In addition, it is sometimes necessary 
to warm the inner race to expand it 
slightly. 


Clearances 


In a lateral direction, liberal clear- 
ances between rotating and stationary 
parts allow for slight machining vari- 
ations and expansion of the casing and 
rotors when heated. All stationary 
diaphragms, wearing rings, other parts 
located in the casing, or other station- 
ary parts, are made only a few thou- 
sandths less in diameter than the bore 
of the casing which is machined with 
a yy-in. thick gasket between the 
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flanges. The casing must not bind on 
these stationary parts when the flange 
nuts are tightened. All running clear- 
ances are 0.001-0.0015 in. per inch of 
diameter, depending on the actual loca- 
tion of the parts, the material em- 
ployed, and the bearing span. The 
lateral clearance between the rotor and 
stator parts is necessary for several 
reasons—mechanical and hydraulic— 
as well as to permit variation of ex- 
pansion between casing and rotor. 
The clearance is limited to ¢g in. in 
small pumps and is as much as 0.5 in. 
on large units. 

Pump casings are made from cast- 
ings. When the pump is built it is 
often preferable to adjust variations in 
longitudinal dimensions on the casings 
by assembly floor adjustments of the 
rotor in order to preserve the designed 
lateral clearances and place the impel- 
lers correctly with respect to the 


casing. 
Replacement of Rotors 


Spare rotors shipped at the time 
the pump is manufactured have already 
been fitted and tested in the casing, 
At other times, parts are made from 
standard dimensions. It is most im- 
portant when making field renewals of 
rotating or stationary parts that all 
lateral distances be compared with 
those on the old parts and that the 
distances where the lateral end move- 
ment is affected be exactly duplicated. 

Where so fitted, installation should 
proceed as follows. The assembled 
rotor should be placed in the lower half 
of the casing. After checking the total 
lateral clearance and, with the thrust 
bearing assembled and the shaft in its 
proper position, clearance should be 
rechecked to see that it is suitably di- 
vided and the impeller centered in vol- 


WATER PUMPS 


447 


ume. Final adjustments should be 
made with the shaft nuts. Unneces- 
sary force must not be used to tighten 
the impeller and shaft sleeve nut be- 
cause this bends the shaft and destroys 
the concentriciiy of the rotor part 
which, because it operates on close 
clearances with the stator part, causes 
rubbing and vibration. When lock 
screws of the safety type are secured, it 
should be certain that the shaft is not 
bent in the process. This can be 
checked with a dial test indicator. 
When doing so, indent the thread be- 
hind the screw slightly to prevent its 
backing out. 


Annual Inspection 


On the annual inspection, the unit 
should be thoroughly checked—bear- 
ings removed, cleaned, and examined 
for flaws and bearing housings cleaned. 
Packing should be removed and shaft 
sleeves checked for wear or, if no shaft 
sleeves are used, the shaft itself should 
be checked. Coupling halves should 
be disconnected and alignment checked. 
The drain and sealing-water and 
cooling-water piping should be checked 
and flushed. Stuffing boxes should be 
repacked and instrument and metering 
devices recalibrated. 


Renewal of Wearing Rings 

New rings should not be added to 
old, and stuffing box packing, when 
needed, should be renewed completely. 
Care should be taken that the seal 
cage, where used, is opposite the 
sealing-liquid connection. New pack- 
ing generally has to be run into it. It 
is good practice to start and stop the 
pump several times—for 1- or 2-min 
intervals—until the stuffing box runs 
cool with continuous operation. There 
should always be a slight leakage at 
the stuffing box for lubrication. 
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The gland should never be tightened 
to the point where there is no leakage. 

Pumps will continue to operate 
when the clearance is excessive, but 
the efficiency and the capacity will be 
reduced. An increase of 0.01-0.015 in. 
in diametral clearance warrants re- 
newal of the wearing rings. There are 
three methods of correcting excessive 
clearance : 

1. After obtaining from the manu- 
facturer a new casing wearing ring, 
bored under size, the impeller hub 
wearing ring should be trued up by 
turning it down in the lathe. This is 
by far the best method. 

2. The worn casing ring surface 
may be built up by welding or metal 
spraying so that it can then be bored 
under size. The impeller hub wearing 
rings are then trued up as described 
in the paragraph above. 

3. The casing wearing rings may 


be trued up by boring over size. The 
impeller hub wearing ring would then 
be built up and machined to give the 
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correct clearance for the rebored cas- 
ing ring. 

When a new wearing ring is put on 
an impeller, its surface is often not 
concentric with the shaft. Therefore, 
after mounting a new ring, the wearing 
surface should be checked and ma- 
chined if necessary. This should be 
done whether the ring is pressed, 
bolted, or screwed on to the impeller. 
The simplest method of repair on large 
impellers which are pitted or eroded 
is welding or metal spraying. Special 
alloy can be used and its cost is 
justified. 


Conclusion 


In the final analysis, regardless of 
what equipment is used, the most sig- 
nificant factor affecting both the opera- 
tion and maintenance of a pump is 
the personal element. It is the care 
taken by pump station personnel which 
is the most important factor in de- 
termining the quality of operation and 
maintenance. 
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Converting to Electronic Billing at 
Hamilton, Ohio 


Charles T. Rupert 


A paper presented on Sep. 18, 1957, at the Ohio Section Meeting, 
Cincinnati, Ohio, by Charles T. Rupert, Director of Finance, Hamil- 


ton, Ohio. 


HE city of Hamilton, Ohio, like a 

great many other communities, has 
experienced a rapid growth in both 
population and area over the past 12 
years. This expansion has created 
many financial problems in the utility 
department from the production and 
distribution standpoint. Of course, the 
billing and collection office has had its 
share of trouble in keeping pace with 
added consumers and with a recently 
added sewer charge. This article de- 
scribes some of the methods used and 
some of the problems encountered by 
the commercial division of the Hamil- 
ton utility department in changing its 
22,000 gas, electric, water, and sewer 
accounts from a machine-posting sys- 
tem to an electronic data-processing 
system. 

For over 20 years, the customer ac- 
counting in Hamilton has been done 
on mechanical bookkeeping machines. 
Billings were made by billing machines 
after the subtractions and extensions 
had been entered in the meter book by 
extension clerks. The computation of 
the bill was a manual operation, done 
either by adding machine, calculator, 
or chart. Errors were inevitable under 
this system and were unfortunately and 
too often passed along to the consumer 
without detection. After the bills were 
produced, they were sent to the posting 
clerks for entry on the ledger cards as 
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debits. This was a cycle-billing opera- 
tion, with one zone billed each day. 
Cash stubs were turned over to the 
posting clerks after being sorted into 
zones by hand and posted to the cus- 
tomer’s ledger card daily. 

In general, this was a good system. 
It functioned very well for many years, 
but it began to become inefficient with 
the great increase in consumers in the 
past 7-8 years. During this period of 
growth, the city was too often faced 
with a necessity of employing more 
clerks and of purchasing more equip- 
ment, just to keep pace with the addi- 
tional work load. It soon became obvi- 
ous that in order to maintain efficiency, 
some better method of processing the 
necessary data would have to be found. 


Justification 

It was at this point that Hamilton 
officials became interested in the elec- 
tronic accounting machines. They first 
requested a survey to determine 
whether a change in system could be 
justified. Would the increased effi- 
ciency in operation justify the sizable 
amount of money necessary to install 
such a system? The first survey was 
made about 4 years ago and indicated 
that at that time the city was in a 
borderline situation. Three years later, 
it became evident that a sewer rental 
charge was imminent and that a coal 
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clause * would be added, which would 
further complicate the electricity rate. 
It was then obvious that the consumer 
accounting had advanced to the stage 
where electronic data processing would 
not only be advantageous but economi- 
cal as well. 

The next step was to sell the city 
manager and the city council on the 
advantages to be derived from such a 
change in system. A letter to the city 
manager pointed out the objectives the 
change was expected to accomplish: 
reduction in personnel costs, improve- 
ment in speed and accuracy of billing 
preparation, improvement in effecting 
rate changes, handling of peak loads 
without disruption of the normal work 
routine, and the availability of rate and 
revenue analyses on either a daily or 
monthly basis. Discussions with the 
city manager resulted in his agreement 
and approval of the proposed program. 

The matter was then presented to 
city council for its approval. The vari- 
ous advantages of the system were 
readily realized by the council, but one 
important item was stressed in the 
presentation. The present personnel 
would be trained in the new system, 
rather than hiring experienced people 
from outside to replace them; in fact, 
even the supervisor of the tabulating 
equipment was to be taken from the 
city ranks. This item really helped to 
sell the council, as it felt strongly that 
no employee should lose his job be- 
cause of the new installation. It was 
understood that any reduction in per- 
sonnel, which would be possible 
through the new system, would be ac- 
complished by not replacing employees 
who resigned or retired. This might 


* Clause which provides for increase in 
power rates if the price of coal should rise. 
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appear to be an item of minor impor- 
tance, but city officials and city coun- 
cils are human, and a wholesale dis- 
charge program would be most un- 
popular and would probably be dis- 
approved, regardless of its economy. 


Preparing for Conversion 


A changeover is usually thought of 
as the stoppage of one operation and 
the beginning of a new one; but in this 
situation there could be no stoppage of 
the old operation. It would take time 
to make the new installation in Ham- 
ilton, but under no circumstances could 
the old operation be discontinued or 
even allowed to lag. Bills must be 
computed and mailed on time, at all 
times. Had it been possible to suspend 
routine work for even 1 week, the 
problem would have been tremendously 
simplified ; but this was impossible. 

Therefore, programming the new 
system was probably the most impor- 
tant phase of the new installation. A 
system similar to one already in suc- 
cessful operation in a private utility in 
the vicinity was purchased, and the 
supervisors of the utility department 
made several visits to see the equip- 
ment in operation, to get samples of 
their forms, and so forth. The equip- 
ment company employs men who are 
specialists in the installation of their 
equipment and many hours were spent 
with them, programming every step of 
the operation in detail. In a change- 
over such as this, where the company 
men knew their machines and the util- 
ity men knew their system and the 
results that must be produced, the task 
amounted to merging the two into a 
workable team. 

Since the meter book is the main 
record of original entry and is the basis 
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of all billing information, it was only 
natural to begin at that point. The 
following steps were taken before 
any attempt was made to run the bill- 
ing register for the first zone to be 
transferred : 

1, All of the accounts in the meter 
book were renumbered so that no num- 
ber contained more than four digits. 

2. A dual set of account numbers 
was maintained during conversion, 
with the old system using its original 
numbers and the new system using 
new page numbers which were written 
in red. 

3. After all accounts were in order, 
the name and address cards were 
punched for all zones. Once these 
cards were punched, it was necessary 
to keep them up to date at all times 
to maintain accuracy for the time of 
the actual changeover. 

4. The next cards to be punched 
A separate 


were the premise cards. 
card was used for each utility and des- 
ignated by a different colored stripe for 


ease in identification. The cards con- 
tain the following information: a code 
number to indicate the particular type 
of utility; the zone; the meter book 
and page or account number; the rate 
class; the serial number of the meter; 
the constant or multiplier (for an elec- 
tric meter) ; the address of the building 
where the meter is located; and the 
make of meter and the city’s assigned 
meter number. These cards are used 
principally for reference and not for 
any normal machine operation or the 
printing of bills. They are used to 
print the necessary information on the 
new meter book pages, taking much 
less time than under the old system. 

5. When a zone was designated for 
transfer to the new system, the ad- 
vance billing card was punched from 


the meter book about 2 weeks prior to 
the billing date. These cards contain 
the code, zone, book, page or account 
number, rate class, date of previous 
reading, and previous reading. After 
the zone was read, the present reading 
was punched into the advance billing 
card, and they were ready to calcuiate. 

6. Immediately prior to calculating 
the new zone for the first time, it was 
necessary to close out the old system. 
The ledger cards were balanced, and 
accounts-receivable cards were pre- 
pared from the ledger sheets contain- 
ing unpaid bills. After the accounts- 
receivable cards were punched, a trial 
balance was run to see if they balanced 
with the old system. During the trial 
balancing of these cards, the personnel 
simultaneously punched arrears cards 
used in the billing of the zone. 


Cash Operation 


The cash register produces a tape 
showing the total collections for the 
day by zones. The stubs are sorted 
into account numbers by zones and are 
then turned over to the tabulating de- 
partment. The stubs are run through 
the reproducing machine, and a full- 
sized card is produced, showing the 
zone, book, account number, and the 
amount paid. These cards are matched 
with the accounts-receivable cards and 
run through the tabulating machine, 
which prepares a cash journal, listing 
the detail payments by zones, broken 
down as to separate utilities. These 
totals are checked with the cashiers’ 
tapes for balancing purposes. 

Trial balances are taken of each zone 
every 5 days and just before the cur- 
rent billing date. These trial balances 
are proved by running all of the un- 
pulled or unpaid accounts-receivable 
cards through the printing tabulator. 
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Problems of Conversion 


Whenever any system is changed, 
many problems arise. In the first 
place, it is impossible for anyone to 
foresee all of the odd little situations 
that will affect the normal operation of 
any system. It takes time and patience 
to discover and eliminate shortcomings, 
and this can be done only by analyzing 
and making each adjustment or correc- 
tion as the situations occur. 

Oddly enough, the most difficult 
problem was selling the system to the 
personnel. At first, the machines 
seemed actually to frighten them, and 
each employee had to be convinced that 
the same work was going to be accom- 
plished, only with different tools. 
Cards full of holes rather than words 
also baffled them. It had to be ex- 


plained that with the interpreter, they 
could read punched cards just as easily 


as any other type of record. 

It was quite a problem, too, to di- 
vide the employees between the old 
and the new systems, since it was nec- 
essary to operate both at the same time 
for the changeover period. As was 
inevitable, the new system ran short 
handed for a while, and with the re- 
sulting overtime for monthly employ- 
ees, a certain amount of dissatisfaction 
could have been a problem. Super- 
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visors attempted to arrange for com- 
pensatory time off, insofar as possible, 
but encouragement and the fact that 
the supervisors were working side by 
side during the overtime (without hope 
of compensatory time on their part) 
helped a lot. 

With new machines, more than nor- 
mal down time is to be expected, which 
requires more personnel working over- 
time. More errors are to be expected 
in a new system, with more checking 
necessary, and, again, more overtime 
work. 

All in all, the changeover was a tre- 
mendous task, requiring a lot of pa- 
tience, coordination and cooperation to 
complete the task. Supervisors occa- 
sionally wondered if it would be worth 
the effort. 

The job is not complete, but already 
personnel realize that it has been worth 
every ounce of the effort. Billing and 
accounting of water, gas, electric, and 
sewer charges, with coal clauses, util- 
ity tax and discounts, and all the other 
innumerable complications, will be 
more efficient, more accurate, more 
adaptable to expansion, and far more 
economical. Furthermore, there has 
been forged a bond of cooperation 
among all personnel, by their working 
together through a major upheaval 
and winning the fight. 


|_| 
| 


JOURNAL AWWA 


A satisfactory palatable water is never achieved by halfway 
dosages of Aqua Nuchar Activated Carbon. To be certain 
that all odors are adsorbed, the correct amount of Aqua 
Nuchar must be applied. In the majority of plants where 
Aqua Nuchar is used, it has been found that an annual aver- 
age of 20 pounds or more are needed to give pro odor 
and taste control to 1,000,000 gallons of water. This, cer- 
tainly, is inexpensive treatment. 

Many plants are adopting the practice of continuous appli- 
cation of Aqua Nuchar, thus keeping the plant seeded. This 
gives assurance against development of odors within the 
plant due to decomposing sludge. Also, periods of sudden 
odor surges can be controlled with lower dosages than 
would be necessary if the plant were not already seeded 
with Aqua Nuchar. 

To solve your water odor problem, call or write our nearest 
office. A member of our technical staff will work at your 
plant to help make the water palatable, at no cost or obli- 
gation on your part. 


GOOD WATER:GOOD WILL 
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there’s a cost at a / 


All water meters are fine instruments. Any fine instrument loses accu- 
racy as it wears. Because ‘of this fact, written between the lines of 
any water meter price are two items you can't read for many years. 
Yet they are vital in choosing the lowest ‘‘total price." 

First, as a meter loses accuracy, it gives away revenue. Before its 
first overhaul it may give away twice as much money as it seems to 
save in its “low bid" original price. 

Secondly, to keep the meter accurate you may have higher repair 
costs over the years ... or premature scrap-and-replace costs. Good 
meters often vary widely in this respect. 

Tridents are preferred because they earn more and cost less in 
the long run. They never become obsolete. You modernize your Tridents 
@s you repair. Ask your neighbor ... or ask Neptune for details. 


19 West 50th Street * New York 20,N.Y. NEPTUNE METERS, LTD. 
1430 Lakeshore Road © Toronto 14, Ontario 
Bronch Offices in Principe! American ond Conodion Cities 
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AWWA’s wheels—its big wheels, 
that is—really rolled last Jan. 26-28, 
and wholly roller during the 3 days 
of their annual meeting was Prexy 
Fred Merryfield. As a matter of fact, 
from the time the roll was called on 
Sunday noon until the last item of the 
three-page agenda was cleared 48 hr 
later, Fred scarcely sat down. What 
he stood for—the new public informa- 
tion program, the go-ahead on certi- 
fication, the policy statement on recrea- 
tional use of reservoirs, AWWA’s 31st 
section, an expanded Willing Water, 
and a host of other items—has already 
been reported to you in the “Secre- 
tary’s Letter,” but despite the unprece- 
dented busyness, there were a number 
of nonsecretarian items, too, that kept 
them rolling—even in the aisles. 
Unfortunately for the reportee 
(though not for the JouRNAL’s mailing 
privileges) it is during the session 
of the Nominating Committee—from 
which all but section directors are 
excluded—that the foremost feats of 
levity are performed. At any rate, 
even after the naming of Lauren Gray- 
son veep-nominate thereat, the air of 
relaxation was noticeable at what is 
fast becoming an All-Section Dinner. 
This year it was on bonded bourbon 
provided by the Kentucky-Tennessee 
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Section, STEAKS from the Nebraska 
Section, Indian River oranges from 
Florida, and Delicious apples and 
Comice pears from the Pacific North- 
west that the directors and their wives 
feasted, and only shipping problems 
held up the quadruple-old-fashioned 
glasses from the Canadian (Club) Sec- 
tion until the following day and the 
Georgia peaches from the Southeast 
until too late. And after the dinner 
there was din—the din of some Ne- 
vada Section activity from which Mrs. 
Steve Rankin emerged 74 quarters 
richer and from which the two who 
have done the best job of estimating 
the Dallas Conference * registration and 
the Apri! 15 membership total will 
each net a $74 gain. 

Back at work, following a spirited 
discussion of the problem of those 
dropped for payment of nondues led 
by Fred Eidsness, the Southern Demo- 
crat caucusian, the Board got a roll 
on again and, with only brief recesses 
for sleeping and eating, managed to 
render the “agender” slender enough 
to take Monday evening off. Then, 
beginning with a New York Section 
cocktail party and spreading to various 
restaurants, shows, and nightclubs, 


* See pp. 48-50 P&R for preliminary tech- 
nical program. 
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the water works brass (did we hear 
“brash” ?) virtually inundated Broad- 
way. Again more or less unfortu- 
nately, the visibility was so poor and 
the rumors so wild that we can only 
report all present and presentable when 
the Board reconvened for its final ses- 
sion on Tuesday morning, as well as 
right through the New York Section 
luncheon in their honor—the end of a 
meeting in which the ratio of historic 
to hysteric was even greater than usual. 

The rolling wheels are spoked, and 
having spokes move on! 


Early to bed went the JourNAL this 
month, early to rise, we hope. At any 
rate, the point of the new production 
schedule just adopted will be to get 
the issues into your hands closer to the 
20th than the 35th of each month. 
First victim of the change has been 
the AWWA annual reports, which the 
earlier deadlines will necessitate post- 
poning until April. And if this sounds 
later rather than earlier, such is the 
press of printing. After all, he who 
is early to bed doesn’t get the morning 
paper the night before. 


Hersey Mfg. Co. has elected Walter 
A. Hersey chairman of the board. Re- 
placing him as president is Winthrop 
P. Hersey, who moves up from execu- 
tive vice-president. The firm is located 
in Dedham, Mass., where it recently 
opened its new plant and administra- 
tive offices at 250 Elm St. 


February, which you have just 
lived through, but which we yet face, 
consists of 4 months, 18 weeks, but 
only 14 days. February, you see, is 
American Heart Month, Mississippi 
Recognition Month, Jewish Music Fes- 
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tival Month, and Good Breakfasts 
Month. It contains National Colorado 
Beef Week, National Children’s Den- 
tal Health Week, Rare Book Week, 
National Weight-Watchers Week, 
Kraut and Frankfurter Week, Boy 
Scout Week, National Advertising 
Week, National Beauty Salon Week, 
National Crime Prevention Week, Na- 
tional Electrical Week, Negro History 
Week, National Pimiento Week, Na- 
tionally Advertised Brands Week, Na- 
tional Cherry Week, Catholic Book 
Week, National Engineers’ Week, 
Brotherhood Week, and Pencil Week. 
Its days are a little less interesting, 
but run from National Freedom Day 
on Feb. 1 through Valentine’s Day 
in midmonth back to the freedom of 
Bachelor’s Day on Feb. 28. Hang- 
ing over from January, meanwhile, are 
the last third of Louisiana Yam Supper 
Month-and-Half and the last half of 
Time for Hot Chocolate Milk Two 
Months. All of which is by way of 
considering a suggestion of Water 
Works Week to include AWWA’s 
birthday, on Mar. 29. But if hot choc- 
olate rates 2 months, we ought to be 
able to manage Water Utility Year at 
least, if not Water Service Century, 
or, better yet, Moist Millenium! 


Graver Tank & Mfg. Co. and its 
subsidiary, Graver Water Conditioning 
Co., have been acquired by Union Tank 
Car Co., Chicago. Since 1949 Graver 
Tank has produced virtually all the 
tanks for the tank cars built in the 
United States by Union Tank, which 
has a fleet of 57,000 cars serving the 
petroleum industry and rail shippers. 
Graver Water Conditioning, with 
headquarters in New York, will oper- 
ate as a division of Union Tank, with 
no basic change in policy. 
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OVER 300 MUNICIPALITIES USE 
ACCELATOR’ Treating Plants 


... for less space... for less cost 
...for better results 


Combining mixing, coagulation and 
solids separation in a single unit, 
“ACCELATOR” plants soften, stabilize and 
clarify water at consistently higher 
rates. This means more capacity from 
smaller units and substantial savings 

in construction and operating costs. 
“ACCELATOR” treating plants produce 
better water with more complete removal 
of bacteria and algae, turbidity, color, 
iron and hardness. Units can be 
engineered for any capacity. Write for 
complete catalog information or see 


your Consulting Engineer. 


Typical cities using “ACCELATOR” Treating Piants 
include: Benton Harbor, Mich. + Casablanca, Morocco 
Cairo, Egypt * Columbia, $. C. * Charleston, W. Va. 
Decotur, Ill. + El Centro, Cal. + Fargo, N. D. + Kelso, Wash. 
Sao Paulo, Brazil, $. A. * Tampa, Fla. - Wichita Falls, Tex. 


5534 
INFILCO INC. 
925 South Campbelii Ave., Tucson, Arizona 
Field offices throughout the United States and in foreign countries 
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The ‘need’ in “All the Water You 
Need, When and Where You Need 
It!” is one of those words. Written 
“NEED” it means much less than 
“need”—much less water, that is, for 
in our way of life, who needs to get 
along on the very minimum? If need 
be, of course, we can sometimes get 
along on a good bit less just as well or 
even better. So the General Electric 
Co. found at its Baltimore plant re- 
cently, when, by the use of flow con- 
trol valves, it was able to reduce water 
consumption in the cooling jackets of 
pug mills from 15 to 2 gpm without 
effect upon the clay cylinders there 
extruded. Thus, the saving involved 
was not only 75.4 mil gal in the first 
year, but $10,315 in water cost as well. 
Similarly, of course, flow control and 
pressure control valves on household 
lines could undoubtedly reduce water 
use—on the shower head, for instance, 
or in one of the other time, rather than 
volume, fixtures. As a matter of fact, 
according to a Yale University survey, 
20 gal—1 gal for drinking, 6 for laun- 
dry, 5 for washing, and 8 for waste 
disposal—is all the average Ameri- 
can needs for personal health and clean- 
liness. Accepting this and the recent 
revelation that dirty dish water can 
safely be used to water gardens and 
lawns, we suddenly begin to under- 
stand how a fountain pen salesman 
must feel these days. 

Talking about “NEED” rather than 
“need,” about conservation rather than 
use, is the practice if not the convic- 
tion of most water utility men. “Use 
It Wisely!” we say, “Don’t Be a 
Drip!” “Think Before You Turn the 
Tap!” “Waste Not, Want Not!” 
Just imagine Edison Electric Institute 
in the same position, advertising: 
“Douse the Glim or Keep It Dim!” 
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“Go by Day or Feel Your Way!” 
“Save Your Power for a Needy 
Hour!” “Cook With Gas!” or “Don’t 
Flip That Switch, You S——.” 
There’s something wrong with the pic- 
ture, of course, and what is wrong is 
water rates. As a matter of fact, if 
rates were right, we would be promot- 
ing conservation without even trying 
—not by exhortation, but by making 
water cost enough so that it would be- 
hoove the customer to treat it as some- 
thing of value. But “right rates” aren’t 
the end in view—they’re merely the 
means to “All the Water You Need 

..” or, as the new AWWA public 
information campaign puts it: “Im- 
proved Water Service Through Water 
Works Systems, Self-Sustained and 
Adequate to Meet the Growing Needs 
of Each Community!” This our cus- 
tomers NEED! 


The NAM board of directors now 
includes two men from AWWA As- 
sociate Member firms. Hubert F. 
O’Brien, president, A. P. Smith Mfg. 
Co., was elected director at large of 
the National Assn. of Manufacturers 
for a 2-year term, 1957-58, and W. 
H. Hipsher, executive vice-president, 
Mueller Co., was elected NAM state 
director for Illinois for 1958. 


O. B. Schier II has taken office as 
secretary of ASME. Clarence E. 
Davies, who held the post for 23 years, 
is now coordinator for the United En- 
gineering Center (see February P&R, 
p. 48). 


Gerald E. Arnold, general super- 
intendent of the Philadelphia Water 
Dept., has accepted a second term as 
chairman of the Engineering Man- 
power Commission for 1958-59. 
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Rodney Hunt gates of tough Everdur withstand 
bleach-plant acid and pulp-mill wastes 


Settling tanks of one of the first industrial waste-treatment plants in the paper industry at the Coving- 
ton, Va., plant of West Virginia Pulp and Paper Co. Everdur was specified for mixing-chamber gates to 
resist corrosion by bleach-plant acids and pulp-mill wastes. 


Resists corrosion. Sewage treatment and 
waterworks equipment of Everdur* has 
been in service without replacement for 20 
years and longer. 
Toughness. Everdur also possesses high 
strength and resistance to wear and abrasion 
—so that engineers can use lighter weight 
wrought material in their designs. 
Readily fabricated. Alloys of Everdur are 
available for hot or cold working, welding, 
free machining, forging and casting — and 
can be obtained in plates, sheets, rods, bars, 
angles, channels, tees, I-beams, wire, tubes, 
electrical conduit and casting ingots. 
Write for Publication E-11, “Everdur Cop- 
per-Silicon Alloys for Sewage Treatment and 
Waterworks Equipment” — or for technical 
One of a pair of mixing-chamber gates fab- help in selectin e correct material for your 
ricated of Everdur, each 48” wide by 54” job. Address: The American Brass Company, 
high. The slide is a sheet of Everdur, rein- Waterbury 20, Conn. In Canada: Anaco 
forced by Everdur angles braze-welded in American Brass Limited, New Toronto, Ont. 
place. Frame and 2” stem also of Everdur. *Reg. U.S. Pat. Of. =~ 


VERDUR ot copper sicon 


MADE BY THE AMERICAN BRASS COMPANY 


> 
“STRONG - WORKABLE - WELD : 
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Engineering enrolment in United 
States colleges in 1957 was the highest 
in history—297,000, representing an 
increase of 7.2 per cent over 1956, 
compared with a rise of only 4.1 per 
cent for all college enrolment. The 
US Office of Education survey from 
which these figures were taken also 
reported that engineering freshman en- 
rolment in 1957 was about 79,000—sec- 
ond highest in history; this was a 1.3 
per cent increase over 1956, while all 
college freshman enrolment rose 0.9 
per cent. The number of engineering 
bachelor’s degrees in 1956-57 was 18.6 
per cent higher than in the previous 
year, and the number of master’s de- 
grees rose 10.8 per cent, but doctorates 
declined 2.3 per cent. 

Engineering enrolment in Canada in- 
creased to an even greater extent—12 
per cent higher in 1957 than in 1956— 
according to an Engineering Institute 
of Canada survey; the number of stu- 
dents was over 14,000. Freshman en- 
gineering enrolment was up 13 per 
cent. 

The continued increase in enrolment 
combined with a slackening in demand 
for engineers (see February P&R, p. 
43) seems to indicate a trend toward 
a buyer’s market. While this is wel- 
come news to employers in the water 
utility and sanitary fields, optimism 
should be tempered by the fact that, in 
terms of starting salaries offered to 
inexperienced engineering graduates, 
utility and sanitary engineering is at 
the bottom of the list of industrial 
classifications. When the fledglings 
swarm out of the ivy, they aren’t likely 
to head that way first. 


Making a career in sanitary engi- 
neering attractive is the aim of a new 
film, titled “Engineering Your Health,” 
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which is being produced for the US 
Public Health Service for distribution 
by Apr. 1. In sound and color, the 
13.5-min film is directed specifically at 
college freshmen and sophomores who 
are science minded. The film should 
prove equally interesting to alert high 
school juniors and seniors. A teach- 
er’s guide brochure will accompany the 
reels, which may be borrowed, free of 
charge, by interested groups from re- 
gional offices of the Dept. of Health, 
Education & Welfare or from Public 
Inquiries, Public Health Service, Wash- 
ington 25, D.C. Also available shortly 
(probably this month) from the same 
sources will be a vocational guidance 
booklet now in preparation. Written 
for high school students, it is titled 
“Toward a Healthier World: Your 
Career in Sanitary Engineering.” 


Elwood L. Bean, chief, Treatment 
Section, Philadelphia Water Dept., has 
been named chairman of the newly or- 
ganized Hydraulic & Sanitary Engi- 
neering Div., Philadelphia Section, 
ASCE. Romeo A. Falciani, design 
engineer, Albright & Friel, Philadel- 
phia, is vice-chairman. 


William T. Ingram and Bernard 
Newman announce the opening of 
Newing Labs., Inc., at 260 Islip Ave., 
Islip, N.Y., serving the sanitary sci- 
ence field. 


Thorndike Saville, dean emeritus of 
New York University’s College of En- 
gineering, has been named to head a 
study on the development of a science 
and technology center at the Univer- 
sity of Florida, Gainesville. The center 
is planned as a step toward bringing 
pure and applied science into closer 
relationship. 


| 
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Easy does it 


... the Dresser way 


This is a cross on the main intake line at the new Clague Road Filtration Plant, 
Cleveland, Ohio. Designed by Havens and Emerson of Cleveland, the plant will 


have a normal flow of 50-million gpd. Hunkin-Conkey Construction Company is 


the contractor. 


Not only was it the easy way, Dresser Couplings 
were actually the only way to install this steel 
cross on a filtration plant’s main intake line. 
Note how little leeway exists between the valves 
and the pipe flanges. The task of bolting up 
would be impossible if the bolt holes were just 
a fraction out of line, but the Dresser method 
gives you the necessary leeway. Settling con- 
crete could change the valve centers, but the 
non-rigid Dresser Couplings will take deviation 
and remain bottle-tight . . . permanently. When 
you join pipe the easy way, it’s the least expen- 
sive way ... with Dresser Couplings. 


Bradtord, 


With the flange bolted, the 
Dresser Coupling will close 
the gap and will absorb any 
expansion—contraction. 


Pennsyivania 
Chicago DRESSER 


Houston 

New York 
Philadelphia 
San Francisco 
Toronto 


MANUFACTURING DIVISION 
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A reservoir that floats not on the 
system, but all through the system area, 
is being used by the Philadelphia Sub- 
urban Water Co. these days to provide 
an emergency supply to customers in 
areas where the water has had to be 
shut off because of breaks in or work 
on the mains. Actually, the floating 
is on air in a 2,500-gal tank mounted 
on a truck and hooked up to a Deming 
all-bronze centrifugal pump that deliv- 
ers 30 gpm against a 120-ft head. 
Residents can come and get it, as 
shown in the illustration, or, through 
an alternate connection to approxi- 
mately 100 ft of hose, the water can 
be pumped to them. 


Just how valuable such equipment 
can be—or, rather, could have been— 
was indicated by a recent claim for 
$35.08 received by the North Muske- 
gon, Mich., city council from an irate 
resident as the result of a shutdown 
of one of its water mains during a con- 
struction job. The $10 claimed as the 
cost of cleaning sand from the service 
line after the shutdown would perhaps 
have been filed anyway, but the $25.08 
for five dinners at a local cafe could 
certainly have been avoided if a supply 
had been provided in time to save the 
dinner that Mrs. Louis Simpson was 
preparing for her guests when the line 
was shut down. But more significant 
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than its dollar savings would have been 
the ire prevention value of an emer- 
gency supply, for Mrs. Simpson must 
have been plenty burned up to have 
filed that claim. 

Get yours now—a reservoir of good 
will mounted on an ire truck. 


A reservoir that flouts, meanwhile, 
has been the elevated steel tank, prov- 
ing itself equal to anything up to and 
including a tornado. It was from 
suburban Kansas City, Mo., that first 
proof of its tornado-resistance came, 
rating a JOURNAL cover picture and 
story last September. Then in Decem- 
ber, the nation’s headlines carried the 
story of the Murphysboro, IIl., twister 
with pictures of a water tank that suc- 
cumbed, but it was a gas holder, in- 
stead, that had collapsed, the water 
tank surviving undamaged. 

Up to the tornado, meanwhile, have 
been such indignities as that at Gwinn, 
Mich., where a year or so ago, the 
tower was the scene of an apparent 
hanging, which lured Township Mar- 
shal Harry Eberhardt up the 100 ft 
or more to cut down a lifelike—rather, 
deathlike—dummy. Or at Lexington, 
Ky., where, last November, a goat 
which normally grazes on the Univer- 
sity of Kentucky experimental farm 
was found mountain clinging to the 
top of a 100-ft water tank, bringing 
out the fire department to effect a 
rescue. 

We who prefer to keep our feet on 
the ground, meanwhile, have a feeling 
that not only the reservoirs but those 
that climb them for mischief, duty, or 
any reason at all are flouting. Ugh! 


Finkbeiner, Pettis & Strout, con- 
sulting engineers, have moved their 
Toledo, Ohio, offices from 518 Jeffer- 
son Ave. to 2130 Madison Ave. 
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YEARS of water main 


scale removed in 30 minutes! 
_ (using a “Flexible” pressure line scraper) 7 


It's not difficult... there’s no mystery 
... more Water Departments are doing it 
every day...using their own crews dur- 
ing slack periods. If iron oxide accumu- 
lation is your problem, you too can 
achieve results similar to those described 
in the headline. If the scale is Calcium 
Chloride or Calcium Carbonate, the job 
will take longer using the “Flexible” 
Chain Head Auger Method. 


FLEXIBLE 


For further facts or Catalog 55-B on “Do It Yourself,” 
write for name of the nearest Flexible Distributor 


1005 SPENCERVILLE ROAD, LIMA, OHIO 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
351 W. JEFFERSON BLVD., DALLAS, TEXAS 


For long runs and light deposits. 


Inserted in cut-out section of 
main, it travels by water pressure 
—Ccleaning as it goes. Scrapings 
are deposited on street level by 
— as it emerges from the 
riser. 


CHAIN HEAD AUGER METHOD 
For short runs and hard deposits. 
Operated by Flexible Power Drive, 
centrifugal force drives hard-faced 
chain knockers against encrusta- 
tions, chipping, cracking, smooth- 
ing. 
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1940-1955 


CUMULATIVE 


INDEX 
TO THE 


JOURNAL 


These features make the new 
16-year Cumulative Index 
(clothbound, 192 pp.) a time- 
saving, easy-to-use guide to 
Journat AWWA for 1940- 
1955: 


@ topic index—titles of all 
articles on a particular subject 
are listed together under the 
appropriate heading, with cross 
references to related topics. 


@ geographic index—lists 
names of places and areas 
dealt with by articles in detail. 


@ author index—provides a 
key to all articles by every 
author during the 16-year pe- 
riod covered. 


@ other reference aids— 
complete topical outline, alpha- 
betical list of subjects, table of 
text page numbers for each 
issue. 


List price, $4.50 


Price to members send- 
ing cash with order, 
$3.60. 


AMERICAN WATER 
WORKS ASSOCIATION 
2 Park Ave., New York 16, N. Y. 
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Pressure pipe requirements for wa- 
ter and sewage works during the period 
1957-75 will total approximately 2.5 
billion feet, according to an estimate by 
the Water & Sewerage Industry & 
Utilities Div. of BDSA. A recently 
issued summary of a study made by 
the division presents a general picture 
of the recent past, present, and esti- 
mated future requirements of pressure 
pipe for new construction, maintenance, 
and repair for water supply, sewage 
disposal, and gas utility distribution. 
(These estimated requirements do not 
include the use of pipe for industrial 
fluids other than water or sewage, or: 
pipe for gas transmission, irrigation, or 
house services.) The summary is lim- 
ited to the four principal types of pres- 
sure pipe used in the field of water and 
sewerage works and gas distribution— 
cast iron, asbestos-cement, reinforced 
concrete, and steel. 

In the field of water and sewage 
works, the principal segments of total 
construction involving the use of pres- 
sure pipe are the extensions of existing 
systems to new areas, general improve- 
ments to existing systems, construction 
of entirely new systems, and miscel- 
laneous industrial and federal govern- 
ment military construction. Estimated 
pressure pipe requirements for gas dis- 
tribution (661,000,000 ft) include all 
uses for construction and maintenance 
and repair in this field. 

Copies of “Water and Sewerage 
Works Pressure Pipe Requirements,” 
Business Service Bul. 213, are avail- 
able from the Sales & Distribution 
Branch, Office of Administrative Op- 
erations, US Dept. of Commerce, 
Washington 25, D.C., and from the 
Commerce Dept. field offices, at 10 
cents each. 


(Continued on page 80 P&R) 
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How to Choose Waterstop : 
for optimum 
performance 
concrete joints | 7 
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Basic Design And 
Resilience Most 
Important Factors 


function of is to Rubber and vin the most monly used 


concrete ts 
re present. ‘o be effective, and to per- 
orm its function under widely varying conditions, 


the waterstop must: 


pressure 

is a thermoplastic compound and tends to take a 

“set” after it has been stretched, will float in the 

joint cavity, and have less resistance to the pas- 
of 


There is general ent by many governmental 
and private specifying authorities, after 
testing actual that the 


SERVICISED PRODUCTS CORPORATION 
NOLLOW BOLD TVPE EMBEDDED CONCRETE WITH AN EXPANSION «6051 W. 65th Street, Chicage 38, TIlinols 
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— 
rincipal " 
cations, rubber is the most satisfactory material. b 
TF Being a thermosetting material, rubber is more 
resilient and “live” . . . will maintain a constant 
1 designed such a it pull against the retaining edges (bulbs) as the 
mtain «a ressure when 
joint is opened up or compressed, or i 
when hydrostatic pressure is exerted 
against it. 
2. Be made of a material that is inherently 
stable and resilient . . . that will retain present, such as in oil storage tanks, where oil 
ite resiliency and strength under wide is kept at temperatures around 150°F., the vinyl 
ranges of temperature. material, unless specifications are rigidly written, 
waterstop. 
oy to any which — developed to date. Field Splicing of Dumbbell Type 
design provides a -sealing action, because 
op nants Servicised Products Corporation has developed a 
the outer edges of the dumbbell bulbs become ¢W Union which provides a simple method of e 
more tightly engaged with the concrete, insuring joining the ends of dumbbell waterstops, making 
it just as fast and easy to field splice rubber and 
movemen er int or increasing water neoprene waterstop joining poly- : 
pressure on one side of the joint. In effect, the a. = ‘ 
greater the longitudinal pull or on one : 
squeezed against concrete. sim made same cross-section 
dumbbell design of the rubber waterstop allows tok the waterstop It 
full strength and contact with the concrete sur- 3 
rounding the waterstop. The larger design also is hollow, except for a solid web at the center. i: 
provides for maximum strength to resist higher After adhesive is applied to the waterstop ends, ; 
they are inserted in the Union and pushed against 
it opening. the centering web. The splice is then clamped 
together until the adhesive has set. This com- : 
Dumbbell type rubber and neoprene waterstop 
are fully described in a special Waterstop Circular 
available from Servicised Products Corporation 
0” DUMBBELL TYPE EMBEDDED IN CONCRETE WITH A CONSTRUCTION JOINT upon request. The Union and an interesting new ; 
; ing development, Split Type, are also illustrated and 
pp te described in the circular. Write for it today. 


CONFERENCE PROGRAM 


Dallas Technical Program 


MONDAY, MORNING, Apr. 21 
General Session 


Presidential Address—Modern Techniques in Water Works Engineering 
Fred Merryfield 


John H. Murdoch Jr. 
Wendell R. LaDue 
Louis R. Howson 


MONDAY AFTERNOON, Apr. 21 
Water Resources Division 
Research in Evaporation Reduction Uel Stephens 
Conservation and Quality Studies in the Arkansas—Red River Basin Kenneth McCall 
Discussion Paul Fickinger & E. C. Warkentin 
Water Works Experiences With the Missouri River Basin Control System...M. P. Hatcher 
Discussion W. Van Heuvelen, J. J. Erdei & H. O. Hartung 
The Impact of Recreation on the Lower Colorado River Robert K. Coote 
Water Works Administration Committee—Open Session 


TUESDAY MORNING, Apr. 22 
Water Resources and Water Works Management Divisions—Joint Session 


Ontario’s Water Resources Law 
Regional Water Supplies—Financing and Cost Allocation 
Watershed Development Plans for the Sabine River John W. Simmons 


Texas Water Problems Marvin C. Nichols & T. C. Forrest Jr. 


Water Distribution Division 
The Value of Cathodic Protection George B. McComb 
A New Stray-Current Problem Hugh L. Hamilton 
Fifteen Years’ Operating Experience With the Colorado River Aqueduct..Robert B. Diemer 
Plastic Coating and Lining for Steel Pipe G. E. Burnett 


TUESDAY AFTERNOON, Apr. 22 
Water Purification Division 

Panel Discussion—Value and Limitations of Chlorine Residuals in Distribution Systems 
Led by H. A. Faber, 
John R. Baylis, M. P. Crabill, A. E. Griffin & E. J. Umbenhauer 
Panel Discussion—Stream Water Quality Monitoring Led by H. O. Hartung, 
Edward J. Cleary, Ralph Palange & Lee Streicher 

Water Treatment Problems During Low Stream Flow 

D. F. Metzler, R. L. Culp & H. A. Stoltenberg 
Richard L. Woodward, 
S. L. Chang, N. A. Clarke, F. M. Middleton, C. M. Palmer & Graham Walton 


Water Works Management and Water Distribution Divisions—Joint Session 
Making Street Construction Acceptable to the Public Burton S. Grant 
The Part Played by Water in Modern Fire Control M. M. Braidech 
Problems in Locating Elevated Tanks Clyde E. Williams 
Alternate Sources of Power for Water Works Pumping Stations Edward Farmer 


(Continued on page 50 P&R) 
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AWWA’s Public Information 

. AWWA Policy—Recreational Use of Water Storage Reservoirs..... 
AWWA Standards—Shall They Be Enforced?...................... 
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This photograph was taken in 1927, 


No trouble in 30 years of constant service 


Back in 1927 we furnished 10,235 ft of riv- 
eted steel pipe, with saddles, for this 7-ft- 
diameter penstock to serve Niagara Mohawk 
Power Corporation’s Allen Falls, N. Y., 
hydro-electric station. 

It was fabricated from %-in. to %-in. 
plates, with riveted girth joints on 10-ft 
centers. The pipe initially received only a 
ms coat and a field coat of red lead paint. 

is pipe has been in constant service 
since 1927, operating with a head of 218 ft 
and flow of 333 cfs, producing 4600 kw. 
During 30 years of continuous service there 
have been no pinholes, no leaks, nor any 
other damage to the pipe except for the 
minor loosening of some joints which were 
damaged when the wooden housing on the 


surge tank caught fire 20 years ago. These 
were simply caulked and have given no 
further trouble. 

The pipe has been painted regularly and 
it looks just as good today as when it was 
first installed. 

Reports like this, coming in from all over 
the country, indicate that steel pipe gives 
an extremely high quality of performance 
under the most demanding service condi- 
tions, for many, many years. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel tion 
Distributor: Bethlehem Steel Export Corp. 


BETHLEHEM STEEL 


gETHLEHEM 
STEEL 


CONFERENCE PROGRAM 
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WEDNESDAY MORNING, Apr. 23 
Water Purification Division 


Effect of Synthetic Detergents Upon Water Softening Economics 
W. W. Aultman & T. E. Larson 


Electrophoretic Studies of Water Coagulation..................c000005 Janet B. Pilipovich, 

A. P. Black, A. M. Buswell & F. A. Eidsness 
Use of Hydraulically Backwashed Screens for Surface Water........ Ernest W. Whitlock & 


Robert D. Mitchell 
Water Works Management Division 


Safety in Construction, Plant, and Office....... A. J. Webb, J. E. Hickman & Thomas Allen 
Work Stenplification for Water Works... W. S. Deniger 
Handling Customers and Employees—A Skit......... V. A. Appleyard & Kenneth E. Shull 


WEDNESDAY AFTERNOON, Apr. 23 
Water Works Administration Committee—Closed Session 
Water Resources Division—General Session 
Task Group on Ground Water Recharge. J. J. Baffa 
Ground Water Reservoirs as Hydrologic Systems..................00000eeeeee J. G. Ferris 
Panel Discussion—Recent Legislation Concerning Water Rights....Led by H. E. Jordan, 


C. H. Bechert, John W. Cramer, A. R. Davis, H. C. Barksdale, 
Roy W. Morse & Lynn M. Miller 


THURSDAY MORNING, Apr. 24 
Joint Session With Inter-American Association of Sanitary Engineering 
A Review of Water and Sewage Sanitary Engineering Research............... H. A. Faber 


Report of Water Works Facilities and. Construction Throughout the World 
Fred Merryfield 


Development and Operation of Municipal Water Systems in Mexico..... Clicero Villafuerte 
& Pedro J. Caballero 


Sanitary Engineering Educational Programs and Philosophies in Latin America 
Daniel A. Okun 


Management and Distribution Division Workshop 


Research—Reduction of Water Main Capacity...............cccceeeeeeeeeees T. E. Larson 
Research—Developing Protective Coatings for Water Mains............... R. F. McCauley 


Meter Records the Basis for System Planning..Henry J. Graeser, R. B. Raw & A. R. Davis 


THURSDAY AFTERNOON, Apr. 24 
Water Purification Division Workshop 


Iron and Manganese Reduction..................0eseceeeeeeee E. J. Taggart & V. J. Calise 
Planned Research on Filter Washing..................... W. W. Aultman & J. E. McKee 
Some Studies on Filter Washing.................... Raymond E. Hebert & John R. Baylis 
Membrane Filter Task Group..................0.00e000: R. L. Woodward & Ray L. Derby 


Water Works Practice Committee—Open and Closed Session 
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Select the BEST for SURE Operation 
and LOWER Cost 


ROCKWELL — “AWWA 


Bu ttertly. Velveg 


Made in all 
standard sizes of 
cast iron, cast 
steel, stainless 
steel, bronze 
and other alloys; 
natural or syn- 


@ Drop-Tight Shutoff 
@ Minimum Restriction to Flow 
@ Minimum Pressure Drop 


@ Non-Clogging thetic rubber 
seat with clamp- 

@ Better Control—Manual or ing segments, or 
4 spool type rub- 

Automatic ber liner ex- 


tending over 
flange faces. 
Compact, rugged 
construction. 
Manual or auto- 
matic control for 
convenient, easy 
operation. 


© Compact—tighter Weight 
© Reduced Installation Space 
& 


Lowest Installed Cost 
Less Maintenance 


Write for Bulletin 574 
ROCKWELL. “D-D” 


Dia Velves 


For controlled throttling or cut-off on 
corrosive or abrasive fluids, or water. 
Dise for positive closure, diaphragm 
for positive sealing. No packing gland 
to leak. Oversized ports; high capacity ; 
low pressure drop. Lower handwheel 
torque and fewer turns to close. Lower 
thrust for automatic operation. Body 
of any metal or with any lining; dise 
and diaphragm of rubber or plastic. 
Sizes—',” to 6". Write for Bulletin. 


W.S. ROCKWELL 


2608 STREET * FAIRFIELD, CONN. 
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CORRESPONDENCE 


A Tacoman Abroad 
To the Editor: 


Having completed over 45 years of 
service in the Tacoma Water Dept., and 
nearly 39 years of this time as superin- 
tendent and chief engineer, I finally was 
fortunate enough to satisfy a life-long 
ambition to visit Europe again. After an 
absence of over 54 years, it was a most 
interesting experience to see the changes 
that had taken place in the countries over 
there. Traveling some 24,000 miles dur- 
ing 3 months through 10 countries 
brought back many memories of years 
gone by. The most enjoyable part of 
the trip was coming back home to our 
friends and the naturally air-conditioned 
outdoors in Tacoma. 

The tour I joined was conducted by 
Mrs. Warren Tomlinson, wife of a Col- 
lege of Puget Sound professor, sponsored 
by Study Abroad, Inc., of New York. 
As the name of the sponsoring organiza- 
tion implies, this group of 30 ladies and 
four men was eager to study Europe in- 
tensively. In the group were eighteen 
teachers, including a professor of lan- 
guages, a professor of zoology, a teacher 
of mathematics, a botanist, a teacher of 
dress design, a director of audiovisual 
education, a student of archeology, a 
pharmacist-owner of chain drugstores, the 
owner and publisher of a newspaper, a 
legislator and writer, a clergyman who 
provided excellent background on the four 
basic religions of the world, a food super- 
visor, a psychoanalyst, and the writer, an 
expert on public water supplies. The 
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leader of the party, Mrs. Tomlinson, is a 
lecturer on art and international problems. 

Besides the diverse representation of 
talents within the group itself, we were 
nearly always accompanied by an expert 
on the cultural background of the particu- 
lar country we were visiting. These ex- 
perts were either professors from one of 
the universities, artists, teachers, or out- 
standing people in the business or political 
field. Contact was also made with the 
faculty members and student groups of 
many of the leading universities for the 
purpose of interesting discussions. These 
contacts throughout the trip in Europe, 
and the character of the group itself, made 
the tour not only extremely interesting, 
but very much worth while and enjoyable 
as well. 

The one item that I missed most on 
my menus in Europe, particularly in the 
southern part, was a good, cool drink of 
safe water such as we take for granted 
in our beautiful Northwest. Beer in the 


southern European countries is flat and 


tasteless, but was excellent in Switzer- 
land, Germany, and the Scandinavian 
countries. The same remark could be 
made about coffee. While good cocktails 
were always available in England and 
excellent wine at reasonable prices was 
obtainable all over the Continent during 
our trip, the most dependable, though not 
always the most palatable, drink was 
coffee. 

On the tour we traveled by plane, car, 
ship, bus, ferry, and foot, and reached the 
heights of Mt. Pilate in Switzerland by 
riding a cable car, stretching our necks 
out over a precipice that was 7,000 ft 
above the floor of a breathtaking valley. 
The only water system that I inspected 
en route was one in a Spanish village—a 
blindfolded burro plodded around in a 
circle 40 ft in diameter, turning a pole in 
the center. This source of power oper- 
ated a horizontal shaft through a crude 
bevel-gear arrangement on which was 
mounted a sprocket wheel with an end- 
less chain of buckets. These buckets 
moved down into an open well, where 


(Continued on page 54 P&R) 


4/7 

>. 


JOURNAL AWWA 


Like Atlanta, Ga., you too can meet tomorrow's increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
capital expenditure today! We can prove that Netional 
cleaning is an investment —not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street + New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building e BERKELEY CALIF., 920 Grayson Street e BOS- 
TON 15, MASS., 115 Peterboro Street e CHARLOTTE, N. C., 533 Hollis Road e CHICAGO, 
ILL., 8 So. Dearborn Street @ DECATUR, GA., P. O. Box 385 @ EL Oe car Ma 


2024 Merced Avenue @ FLANDEAL, S. D., 315 N. Crescent Street e KANSAS CI MO., 
3707 Madison Avenue @ MINNEAPOLIS, MINN., 200 Lumber Exchange Building @ RICH- 
MOND 21, VA., 2910 W. Clay Street @ SALT LAKE CITY, UTAH, 502 West 3rd Street @ 
SIGNAL MOUNTAIN, TENN., 204 Slayton Street @ VILLA PARK, ILL., 424 S. Yale 
Avenue @ MONTREAL, CANADA, 7445 Chester Avenue @ WINNIPEG, MANITOBA, 
576 Wall Street e BOGOTA, COLOMBIA, Apartado de Correos #5 @SAN JUAN 10, 
PUERTO RICO, ZUELA 2184 @ PERU, Bolivar 441-A, Marafi @ 
CARACAS, VENEZUELA, A: 0 561 @ OSLO, NORWAY, Radhusgaten 30. 
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Correspondence 


the water table stood about 20 ft below 
ground surface. The filled buckets were 
raised above the surface and there emptied 
into a trough that carried the water to a 
small reservoir. This type of water de- 
velopment served many small farms and 
communities for irrigation and domestic 
supplies, though, of course, a modern 
pump no larger than a small pumpkin 
could raise more water than this crude 
contraption. 

We found that Spain suffers from an 
almost complete lack of natural resources. 
Besides the tourist travel, olive oil and 
wine seem to be the chief sources of 
revenue. And practically all the food is 
saturated with olive oil. One morning 
I ordered fried eggs in a swank Riviera 
hotel and they came back dressed, greased, 
and smothered in olive oil. 

‘The urban areas of Spain seem to dis- 
play a more modern development than 
country communities. The benefits of the 
Marshall Plan are quite apparent in 
Madrid. Most farming and highway con- 
struction we noticed was carried on in a 
very primitive manner with hand tools 
and burros. Whereas miles and miles of 
caves and huts, without windows, electric- 
ity, or running water, could be seen in 
many parts of Spain, the Mediterranean 
Riviera appeared to be booming with ex- 
pensive construction equal to the elaborate 
homes and hotels in such resort areas as 
Miami Beach or Palm Springs. 

In France it is evident that we Amer- 
icans are not as welcome as elsewhere in 
Europe. The people seem completely in- 
dividualistic and appear to be oblivious 
of what is going on in the world. If this 
continues, tourist travel to France will 
fall off. 

We also visited the Scandinavian coun- 
tries, the British Isles, Italy, France, 
Monaco, Switzerland, and Germany. 
More construction is going on in Ger- 
many now, particularly industrial con- 
struction, than anywhere else in Europe. 
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At Oslo about fifteen of Mrs. Kunigk’s 
relatives, and Professor Dagfin Skaar, 
once an exchange professor at the College 
of Puget Sound in Tacoma, were on hand 
to greet and entertain me for 2 days in 
typical hospitable Norwegian style. 

All these countries have their diverse 
cultural and historical backgrounds and 
their natural scenic attractions. The 
privilege of meeting outstanding people in 
all the countries and traveling with an 
interesting group of people such as were 
in our party makes this trip a memorable 
experience in my life’s journey. 

The greatest thrill of all, though, was 
getting back home. 


W. A. KunicK 
Tacoma, Wash. 
Dec. 15, 1957 


Classified ads will be accepted only for ‘Positions 
Available’ or “Positions Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘Classified 
Ad Authorization Form” from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave., 
New York 16, N.Y. 


Positions Available 


Graduate civil, sanitary, or chemical engineer 
experienced in operation and chemistry of municipal 
or industrial water treatment plants to serve as sales 
engineer for Coagulant Division. Salary open. Replies 
confidential. H. J. Horvitz, Allyn Chemical Co., 
4537 Mayfield Road, Cleveland 21, Ohio. 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 
Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3ed St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 


Ropert A. Lincoun Caries A. MANGaNaro 
TLLIAM Martin 


Water & Sewage Works 
Highways and Bridges 
145 Bast 32nd Street, New York 16, N. Y. 


Refuse 
Airfields 


ASSOCIATED STRATIGRAPHIC 
SERVICES 
Departments 
Consulting service — ground water evaluations 


and development advice 


Geophysical logging — electric and gamma 
ray intensity 


11950 San Vicente 


Bowe, Albertson & Associates 


Engineers 
Water and Sewage Works 
Industrial Wastes— Refuse 


of Construction 
Laboratory Service 


75 West Street New York 6, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Louis E. 
Grorae E. Lewis 
Srovart B. Marnarp Homer J. Harwarp 
Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Brockway, Weber & Brockway 


Engineers, Incorporated 


itaff 
EL. T.A. Clark E. Whittington 
tiie John Adair, Jr. 
R. Demery 
West Palm Beach, Fiorida 


BLACK & VEATCH 
Consulting Engineers 
Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BROWN AND CALDWELL 
Civil and Chemical Engineers 


Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


x “4 
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City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings j 
Investigations, Reports, Appraisals and Rates 
Cumton L. Bocert Frep 8. 
Ivan L. Bocert Donautp M. Drrwars 
Consulting Engineers S. Brockway Roy B. W. 
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PROFESSIONAL SERVICES 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Disposar— 
Hypraviic DeveLopMEeNTs 


Reports, Investigations, Valuations, Rates, 
Design, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 EB. 19th St., New York 3, N. Y. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plante—Incineration—Ges Systeme 


+i, Rat 


BURGESS & NIPLE 
Consulting Engineers 
(Established 1908) 
Water one. treatment and distribution 
Sewage and industrial wastes di 
Investigations, reports, appraisals, rates 
Supervision 


2015 W. Fifth Ave. 


Columbus 12, Ohio 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 
220 W. LaSalle Ave. South 

Central 4-0127 


Bend, Indiana 


BURNS McDONNELL 


Engineers—Architects—Consultants 
Kansas City, Mo. Phone 
P.O. Box 7088 DBilmar 3-4375 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 
360 E. Grand Ave. Chicago 11 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. 


Troy, N. Y. 


Associated Consulting Engineers 
E. R. Cotton P. B. Streander 
G. A. Gieseke H. G. Damon 
I. J. Silverstone 


Water Supply, Water Purification 
, Sewage Treatment 
use Disposal 
55 Caroline Road 


132 Nassau Street 
New York 38, N.Y. Gowanda, N.Y. 


CAMP, DRESSER & McKEE 
Consulting Engineers 
Water bape Water Treatment, 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


DE LEUW, CATHER & COMPANY 
Consulting Engineers 

Public Transit Subways 

Traffic & Parking Railroad Facilities 

Expressways Industrial Plants 

Grade Separations Municipal Works 

Urban Renewal Port Development 


150 N. Wacker Drive, Chicago 6 
San Francisco 


Toronto Oklahoma City 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Rochester, N. Y. Dalias, Texas 


ENGINEERING 
DEVELOPMENT CO. 
J. O. Jackson, Chief Engineer 


Elevated Tank and Standpipe Design 
Foundation Design 


Telephone Amherst 4-5593 
P. O. Box 249 
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Fay, Spofford & Thorndike, Inc. 
Engineers 


Water Supply and Distribution Drainage 
Sewerage and Sewage Treatment 
Bridges 


Airports — — Express Highways 
Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 


GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FINKBEINER, PETTIS & STROUT 


Carterton 8S. Finxserver Cuarves E. Perris 
Harovp K. Strout 


Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 


Bridges, Highways & Expressways 
2130 Madison Avenue 


Toledo 2, Ohio 


WILLIAM F. GUYTON 


& ASSOCIATES 


Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. 
Austin 1, Texas 
Phone: GR-7-7165 


3301 Montrose Bivd. 
6, Texas 
Phone: JA-2-9885 


FREESE & NICHOLS 


Fort Wek, Tas 


FREESE, NICHOLS & TURNER 


Houston, Texas 
Industrial and Municipal E ates 


Supply. and Purification—Sewerage and Indus- 
Waste and Struc- 
tures — Dams — — Airports— 


Investigation: —Valuation— Design and Super- 
vision. 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 


260 Godwin Ave. 
Wyckoff, N.J. 


FROMHERZ ENGINEERS 
Structural—Civil—Sanitary 
Four Generations Since 1867 


Water Supply ; Someones Structures ; 


Reports; Plans and 
Specifications ; Supervision 


New Orleans 


HASKINS, RIDDLE & 


SHARP 


Consulting Engineers 


& Industrial Wastes: - 
ydraulics 


Reports, Design, Supervision of Construction, 


Appraisals, Val 


+i 


Rate Studi 


1009 Baltimore Avenue Kansas City 5, Mo. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 

Water 


Industrial Wastes—Gar 
Roads— Airports— Din 


Town Planning—Appraisals 
Investigations & 
Harrisburg, Pa. Philadelphia, Pa. 
Pittsburgh, Pa. Daytona Fla. 


HAVENS & EMERSON 


W. L. Havens 
J. W. Avery 
F. 8. 


PaLocsay 


A. A. Burcer 


H. H. Mosevey 


E. 8. Onpway 


F. C. Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 


Wastes, Valuations— Laboratories 


Leader Bidg. 
CLEVELAND 14 


Woolworth 
NEW YORK 7 


GERAGHTY, MILLER & 
HICKOK 
Consulting Ground-Water Geologists 
Location and Evaluation of Industrial 
and Municipal Ground-Water Supplies 
Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd Se. 


Phone 
New York 17, N.Y. OXford 7-5448 


HAZEN AND SAWYER 


Engineers 


Hazen 
H. E. 


Alfred W. Sawyer 
Hudson, Jr. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 Bast 42nd Street 


New York 17, N.Y. 


3333 Book Bidg. 
Detroit 26, Mich. 
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ANGUS D. HENDERSON 


Consulting Engineer 
Water Supply and Sanitation 


330 Winthrop St. 
210-07—-29th Ave. 


Westbury, New York 
Bayside, New York 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricnarp R. Kennepy Ropert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 
Water Supply—Airports—Hydraulic Engineer- 
ing—Sewerage—Sewage Treatment— Munici- 
pal Engineering—Reports 
Shell Building St. Louis 3, Mo. 


DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


153 University Avenue 
Palo Alto, California 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 


of Origin of Pumps, T 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicago 


7, Ii. 
and Principal Mfg. Centers 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


R. E. LAYTON & ASSOCIATES 
Consulting Engineers 


Hydraulic Structures 
Water 
Industrial an mestic Waste Disposal— 
Drainage 
Investigations, Reports, Plans, and 
Specifications 


655 West Avenue 135th 
San Leandro, i 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Service 
obile radio communication s pene: 
Special mechanical design problems ; 
il corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue Los Angeles 35, Calif. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Valuations 
Laboratory 


Statler Building 
Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 


Engineers 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


JAMES M. MONTGOMERY 


Consulting Engineer 
Water Supply—Water Purification 
wage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 
535 BE. Walnut St. Pasadena, Calif. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purific Se & Sew- 
Bigpowal” Industria! Waste: Tnvestigations 
Design ; Supervision 
nstruction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


RADER AND ASSOCIATES 


Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 

Supervision of Construction and Operations 


111 N. BE. 2nd Ave., Miami 32, Florida 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows——Analysis 
Construction Control—Soil—Concrete 
i Pav 


+ 


Water Waste Survey 


+i, Mati 


4120 Airport Rd. 


Cincinnati 26, Ohio 


THOMAS M. RIDDICK 
Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
ndustrial Waste 
Laboratorics for Chemical and Bac 

Analyses 


New York 55, N.Y. 
MO Haven 5-2424 


369 E. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


RIPPLE & HOWE, INC. 
Consulting Engineers 

V. A. VaseEen B. V. Howe 

Appraisals—Reports 


Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcoim Ernest W. 
Rospert D. Car. A. ARENANDER 
Prante, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


New York 36, N. Y. 


25 W. 43ed St. 


ROBINSON & ROBERTS 
Northwest’s Pioneer 
Consulting Ground- Water Geologists 
Scientific Well Design 
Water Supply Problems 
Surveys & Reports 
Drainage Problems 
4603 South J Street Phone: GReenfield 4-6631 


Tacoma 8, Washington If no ans. call: 
'WAverly 2-8188 


Washington 6, D. C. i 
Panama City, 
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RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fila. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 
Municipal and Industrial Engineeri Water 

Supply and Purification, Sewerage 


Treatment, Highways and Structures, oe 
Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway. Louisville 13, Kentucky 


J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
37 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 
1143 EB. Jersey Street Blizabeth 4, N. J. 


R. KENNETH WEEKS 
ENGINEERS 
Designers Consultants 


Water Supply and Purification 
nves ns and Repor 
es of Construction 


Streets and Highways 
6165 B. Sewells Point Road, Norfolk 13, Va. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


ROY F. WESTON, INC. 


Engineers—Biologists—Chemists 
Water—Sewage—lIndustrial Wastes 
Stream pollution—Air pollution 
Surveys —Research— Development— Process 
Engineering — Plans and Specifications— 
Operation Supervision— yses— 
Evaluations and Reports 


Newtown Square, Pa. 


SMITH AND GILLESPIE 
Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, and Purification; Sewerage, 


Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and 


14 Beacon Street Boston 8, Mass. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle Se. 
Muscatine, Ia. Chicago 4, Ill. 


WHITMAN & HOWARD 
Engineers 
(Est. 1869) 
Investigations, Designs, Estimates, 


Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad Se. Boston, Mass. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—S age— Waste Disposal 
Rel. ial Buildings 

245 N. High St. 2060 EB. 9th Se. 
Columbus, Ohio Cleveland, Ohio 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 Se. Paul Se. Baltimore 2, Md. 
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What Price Water? is a 12-page, 4x9-in. booklet that calls to the atten- 
tion of the reader the real value of public water supply. Comparing 1940 
prices of a number of other common items with today's, it also presents a 
comparison of the 1940 costs of water works facilities with present ones as 
an indication that water rates must be boosted. Designed to fit in a standard 
No. 10 business envelope, the booklet sells at prices ranging from 10¢ to 2i¢ 
per copy. Imprints of your name and address as well as your rate per 
thousand gallons or cubic feet can be provided on lots of 500 or more. Ask 


for sample. 


Willing Water Jewelry 


Since their introduction in 1954, the Willing Water jewelry items have been most popular 
as awards, gifts, and good will builders. Presenting a blue-faced Willie in full stride, the 
emblem has made a hit as a lapel button as well as a decoration on a number of jewelry items. Included in the list of 
items now available are: 


AW-1 Lapel Emblem (screw-back) ............ AW-8 Shortie Tie Clip (rhodium plated alligator clip)$1.85 
AW-2 Lapel Pin (joint pin & safety catch) Aa AW-9 Money Clip (rhodium plated) ......cccccccowseen 
AW-3 Key Chain (apical mesh chain and spring-leck AW-10 Cuff Links (rhodium plated disks) .. 


1.25 
W-11 Earrings (screw a 
Zippo Cigarette Lighter (brush Gnish, boxed)... 2.15 


Willing Water Service Buttons 


The popularity of Willing Water lapel emblems has led to the design of a special button 
for recognition of tenure. The design shown at the left was prepared on the request of the 
Alliance, Ohio, Water Department, which now uses the service buttons. It is now available 
to you, with your company name engraved on it. Minimum order is 25 buttons or pins. On such an order a die charge 
of $17.50 is made for inserting your company name. The pins (with joint pin and safety catch) or buttons (with 
screw-back) are priced as follows: 


Bronze ....... 
Sterling ....... 
Gold filled 


The minimum quantity (25) may be assorted as to years of service and as to metal used. Please specify clearly the 
number of each type required with pins (for female employees) and with screw backs. 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 
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Condensation 


CONDENSATION 


Vol. 50, No. 3 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
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HYDRAULICS 


Some Observations on Open Channel 
Flow at Small Reynolds Numbers. L. G. 
Straus; E. SirpeRMAN; & H. C. NELSON. 
Proc. Am. Soc. Civil Engrs., 82, EM3, 
Paper No. 1031 (’56). Results are sum- 
marized and discussed of studies on flow in 
open channels with Reynolds numbers be- 
low 4X 10*. Smooth laminar, smooth tur- 
bulent, rough laminar, and rough turbulent 
flows are considered separately, as is transi- 
tion from laminar to turbulent flow in smooth 
channels. Results indicate that, at these 
small Reynolds numbers, smooth channel 
flow, both laminar and turbulent, is quanti- 
tatively similar to smooth pipe flow. Rough 
channel flow is probably qualitatively simi- 
lar to rough pipe and rough plate flow, but 
there is no adequate method available to 
correlate rough flows in small Reynolds 
number range. Channel shape is important 
in laminar flow, but its entire effect may be 
detd. theoretically. There is only negligibly 
small channel shape effect in smooth turbu- 
lent flow and rather more pronounced effect 
in rough turbulent flow. Transition usually 
occurs at slightly higher Reynolds numbers 
in channels than in pipes, exact effect de- 
pending on shape—WPA 


A Flow Controller for Open or Closed 
Conduits. V. L. Srreerer. Proc. Am. 
Soc. Civil Engrs., 82, HY4, Paper No. 1037 
(56). Principle of flow control is described 
which is combination of disc moving within 
profiled throat and nonlinear resistance to 
support disc against pressure drops. By 
reversing throat section and measuring head 
across disc device is converted into flow 
meter. Flow controller is applicable to both 
open and closed pipes. Single orifice flow 
control concepts are outlined briefly, and 
basic equations are given for design of non- 
linear resistance flow control, throat profile, 


Water Pollution Abstracts (Great Britain). 


(Continued on page 64 P&R) 


discharge limitations, and flow meter with 
adjustable sensitivity and range. Exptl. pro- 
gram is outlined and summary of results of 
readings for 10 settings each as flow con- 
troller and flow meter are tabulated. Pho- 
tograph and diagrams are included—_WPA 


A New Development in Flow Measure- 
ment: the Dall Fiow Tube. A. L. Jorts- 
SEN. Proc. Am. Soc. Civil Engrs., 82, HY4, 
Paper No. 1039 (’56). Author describes 
Dall flow tube, which has been developed 
for pipe flow metering, and is modification 
of Venturi tube. Essential differences be- 
tween these two tubes are outlined; most 
important are greater compactness and low 
head loss of Dall flow tube. Exptl. data are 
given in graphs and tables. Coefficient of 
discharge for Dall flow tubes can be pre- 
dicted within 1% when throat to inlet diam. 
ratios, 8, are not more than 0.75. For 
greater values of 8, direct calibration under 
upstream installation conditions is recom- 
mended, unless larger tolerances on coeffi- 
cient value are acceptable—WPA 


An Improved Dilution Method for Flow 
Measurements. W. A. Cawtey J. W. 
Woops. Proc. Am. Soc. Civil Engrs., 82, 
SA5, Paper No. 1084 (’56). Procedure is 
described for measuring flow in sewers 
contg. trade waste waters. An inexpensive 
technical grade of manganous sulfate is in- 
jected into sewer and degree of diln. is detd. 
quantitatively by flame spectrophotometric 
anal—_WPA 


Flow of Fluids. M. Wetnrraus. Ind. 
Eng. Chem., 49:497 (’57). Literature pub- 
lished in 1956 on certain aspects of fluid 
dynamics is reviewed. Subjects reviewed 
are: single-phase flow, including simple chan- 
nels, flow through equip., surge flow, non- 
Newtonian fluids, jet mixing and boundary 
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‘Here is why farsighted officials 


install § AA fire hydrants 


I FAST WATER 
Opens fast, with the pressure. 
Closes eam without water 
. Sticks, stones or 

foreign matter cannot become 2 FULL FLOW 

lodged between the valve When hydrant is fully opened, 

and valve seat. valve and stem are entirely 
clear of the waterway. 
This permits free and 
unobstructed flow of water. 


CLOSED 


AND VALVES : are attached to the valve 
meet all A.W.W.A., specifications ae is stem, which is easily lifted 
out when dome and head 


sidiary of James B. Clow & 
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. 
are removed. Common wrench Ree 
« and screwdriver only toois 
j required. No special tools "Se 
are needed. 
| 
Let us send you details on lowa’s complete line of valves and hydrants 9 tw, 
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layers; flow through porous media; multi- 
phase flow including solid-gas, solid-liquid, 
and gas-liquid systems; and mechanical de- 
sign including piping and accessories, rotat- 
ing machinery, and cavitation. A list of 141 
references is appended.—_W PA 


The Application of Sediment-Transport 
Mechanics to Stable-Channel Design. 
E. M. Laursen. Proc. Am. Soc. Civil 
Engrs., 82, HY4, Paper No. 1034 (’56). 
Author outlines 3 relationships which are 
needed for design of stable alluvial channel. 
These are flow equation, sediment-transport 
equation, and bank-erosion criterion. He 
assesses role of sediment transport in each 
relationship. Tables are given showing simi- 
larity of many bed-load and “Kennedy” for- 
mulae for calcn. of sediment transport. 
General method of application of these for- 
mulae to design of channels is illustrated, 
and it is suggested that formulae should be 
used as scaling relationships between differ- 
ent channels. List of references is appended. 
—WPA 


Mechanics of Sediment-Ripple Formation. 
H.-K. Liv. Proc. Am. Soc. Civil Engrs., 
83, HY2, Paper No. 1197 (’57). Author 
reviews literature on mechanics of sediment 
ripple formation and shows that ripples are 
caused primarily by instability of zone of 
high veloc. gradient at surface of sediment- 
laden bottom. For practical application, 
exptl. criterion is given to predict formation 
of sediment ripples and dunes. Other factors 
such as turbulence, surface waves, and small 
irregularities of bed may affect movement 
of sediment ripples, although they are not 
primary causes of sediment ripple formation. 
—WPA 


Cross-Flow Inlets: A Hydrodynamic 
Analysis. B. STeenserc « S, PETrersson. 
Svenska Traforskningsinst. Trakem. 
PappTechn. Medd., No. 209 (’56). Authors 
give mathematical anal. of flow from uni- 
formly tapped pipe with linearly decreasing 
crosssectional area, which reveals that there 
is divergence from constant flow through slit. 
Authors give results of studies into geome- 
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Roberts Filter Manufacturing Co. 
DARBY, PENNSYLVANIA 


PURIFICATION EQUIPMENT 
STANDARD OF QUALITY FOR MORE THAN 60 YEARS 


WATER FILTRATION PLANTS and EQUIPMENT 
GRAVITY FILTERS and EQUIPMENT—PRESSURE FILTERS (Vertical 
& Horizontal) —WATER SOFTENING EQUIPMENT 


This 8 million gallon a day water treatment plant is typical of the 
many hundreds of Roberts-equipped installations throughout the 
United States, Canada and Latin America. We welcome the oppor- 
tunity to cooperate with engineers on all types of water filtration 
equipment projects. 


© Dependability 
© Experience 


© Engineering Cooperation 
and Service 


Roberts Style L 
Vertical Pressure Filter 


SWIMMING POOL EQUIPMENT 
This modern pool at Levittown, Pa., 
built by Levitt and Sons, Inc., is repre- 
sentative of the thousands of Roberts- 
equipped swimming pools. We produce 
a complete line of swimming pool re- 
ment, backed by more than 60 years 
experience in ‘the field of water purifi- 
cation. 
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z 
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+ 
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try of pipe which will permit slit of constant 
width to deliver uniform discharge. Calcns. 
are given which show that crosssectional 
area of inlet must decrease less rapidly than 
is case for pipe with linearly decreasing 
crosssectional area.—WPA 


The Boundary Layer Development in 
Open Channels. J. W. Detteur. Proc. 
Am. Soc. Civil Engrs., 83, EM1, Paper No. 
1138 (57). Development of turbulent boun- 
dary layer is treated for steady flow in rec- 
tangular open channel, and simplified soln. 
is given for channel of large width. Theory 
shows interaction of boundary layer and 
main flow outside layer, with result that 
layer develops more slowly than for flat 
plate in infinite fluid under similar flow con- 
ditions. For flows close to critical, boundary 
layer may reach max. and then decrease. 
For flows less than critical, theory predicts 
where boundary layer reaches surface. 
Expts. showed that avg. behavior of boun- 
dary layer is in close agreement with theory. 
Tests revealed that there are secondary mo- 
tions which affect distr. of velocs. As result, 
displacement thickness is not constant at any 
1 crosssection, but avg. displacement thick- 
ness is in close agreement with theory. 2 
applications of theory are considered—dis- 
tance to uniform flow in intake section of 
open channel, and computation of theoretical 
discharge coefficient for flows over hori- 
zontal broad crested weirs—WPA 


Measuring Stream Flow Under Ice Con- 
ditions. A.M. Moore. Proc. Am. Soc. Civil 
Engrs., 83, HY1, Paper No. 1162 (’57). 
Effects of ice formation on stage-discharge 
relation in streams are explained briefly. 
Occurrence and effect of surface, frazil, and 


anchor ice are described and shown in 
graphs, and investigation into “siphon ac- 
tion” caused by surface ice in 1 stream is 
discussed in detail. Factors affecting accu- 
racy of ice-affected records are considered. 
—WPA 


Graphical Determination of Water Surface 
Profiles. F. F. Escorrrer. Proc. Am. Soc. 
Civil Engrs., 82, HY6, Paper No. 1114 (56). 
Tables of functions for calcg. water surface 
profiles in open channels of uniform cross- 
section have been derived by BAKHMETEFF, 
who assumed that conveyance, K, and criti- 
cal discharge, Q., are both exponential! func- 


tions of depth variable y with same exponent 
n/2 in each case. Author has now devel- 
oped graphical method which simplifies use 
of these functions. Advantage of graphical 
method is that it permits direct soln. for 
depth of water at end of reach of prescribed 
length, while in older methods series of trial 
depths had to be assumed until 1 was found 
that gave required length—WPA 


Flow Measurements in Streams by Addi- 
tion of Salt. J. VAcAs. Hidrol. Kozlony 
(Hung.), No. 5/6 (’55). After discussing 
general conditions for measurements of flow 
in streams by addn. of salt, author gives 
directions for time during which salt is 
added, amt. and concn. of salt soln., and 
length of stretch between place of addn. and 
place of sampling. Electrical methods of 
measurement and methods using radioactive 
materials are described 


The Mean Velocity of Discrete Particles 
in Turbulent Flow in a Pipe. G. K. 
Batcuetor; A. M. Binnie; &« O. M. 
Puuuires. J. Inst. Water Engrs. (Br.), 10: 
476 (’56). Axial component of veloc., aver- 
aged over long period of time, of material 
element of fluid in straight circular pipe is 
shown theoretically to be equal to discharge 
veloc. defined as discharge, averaged over 
a long period, divided by crosssection of 
pine. This prediction was confirmed ex- 
perimentally by injecting in turn into water 
pipe large number of solid spheres of differ- 
ent sizes, having same density as water. 
Satisfactory theory is developed to allow for 
finite size of spheres. Fluctuation in time 
of travel of particle between 2 fixed stations 
is examd., and it is shown how few particles 
may be used to det. dischg. veloc. within 
calculable limits of accuracy—WPA 


Automatic Registering Micro Differential 
Manometer. O. Wasserwirtschaft 
(Ger.), 47:34 (’56). Detailed description, 
with diagrams, is given of manometer spe- 
cially designed for measurement of very low 
rates of flow in water pipes. Apparatus can 
also be adapted to higher rates of flow and 
to measurement of flow of air—WPA 


Friction Losses in Water Supply Calcu- 
lations. H. R. Vatitentine. Common- 
wealth Engr. (Austral.), 44:77 (’57). Limi- 
tations of Manning and Hazen-Williams for- 
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NOW! THE CENTRILINE PROCESS 
is available for 6‘to 14 mains, too! 


THE CENTRILINE MACHINE 


Yes, your city’s small but impor- 
tant transmission and distribution 
lines can also regain their orig- 
inal flow capacity and pressure 
through the universally accepted 
Centriline Process of centrifu- 
gally applying a cement-mortar 
coating to the pipe walls. If some 
of your lines inadequately serve 
your customers’ requirements, 
including higher demands for fire 
protection, investigate the numer- 
ous advantages of Centrilining 
your mains now. 


designed for 
small diameters 


The new, small diameter Centri- 
line Machine eliminates most ex- 
cavations at valves, laterals and 
corporation cocks. By eliminat- 
ing these fixed costs, lengthening 
the distances between access 
openings and permitting faster 
lining speeds, the new Centriline 
Machine has really reduced the 
cost of lining small mains. So 
much so, in fact, that every water 
works operator should reevalu- 
ate the economics of small pipe 
rehabilitation. 


Send today for your copy of our illustrated booklet which fully describes 
how Centriline can help you salvage worn out pipes from 6” to 144” in 
diameter permanently and for much less than you would imagine. 


CENTRILINE CORPORATION 


A Subsidiary of Raymond Concrete Pile Company 


140 Cedar Street Branch Offices in Principal 


New York 6, N. Y. 
WoOrth 2-1429 


Canada and Latin America, 


(ata) Cities of the United States, 


: 
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REVERSIBLE 


The 
FLOW TUBE 


measures flow 
in either direction 


REVERSIBLE . . . The Flow Tube is sym- 
metrical, with upstream and downstream 
ports identical. When the flow is re- 
versed, the differential is reversed. Per- 
mits mefering reverse flow at lowest 
possible equipment cost. 
LOW INSTALLED COST... Average 
length is only 1% times the pipe dia- 
meter, and straight runs entering and 
following are not required unless in- 
stalled near throttling valves or regu- 
fators. 
ACCURACY . . . Produces differential 
from points of equal cross-sectional area 
... furnished with head capacity curves, 
and guaranteed for exceptional accuracy 
when used with any standard indicating, 
recording or integrating meter. 
LOWEST HEAD LOSS . . . The Flow Tube 
can be designed to produce a measur- 
able differential with the lowest per- 
manent pressure loss of any type head 
meter. 

Write for Bulletin FT-101, or 

for specific recommendations. 


FOSTER ENGINEERING 
COMPANY 


835 LEHIGH AVENUE UNION, N. J. 
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mulae in water pipe calcns. are discussed, 
with particular reference to steady flow in 
uniform circular pipes flowing full. It is 
shown that neither of these types of expo- 
nential formulae is sufficiently general to 
cover range of water flow conditions met 
with in ordinary pipeline calens. Author 
concludes that Darcy formula, used with one 
of conventional graphs relating Darcy co- 
efficient and Reynolds number, is more re- 
liable for all pipe flow calcns. where accurate 
estimates of loss of head are required. 
Rough approximations may be obtained with 
Hazen-Williams formula for cast-iron and 
steel pipe, and with Manning formula for 
concrete pipes—W PA 


The Dynamic Structure of a Coastal Plain 
Estuary. D. W. Pritcuarp. J. Marine 
Research, 15:33 (’56). Time mean equa- 
tions of motion applicable to coastal plain 
estuary are developed and discussed. Time 
series observations of temp., salinity, and 
current veloc. from 2 sections in James R. 
are used to obtain mean lateral and longi- 
tudinal components of relative pressure field, 
Coriolis force, and field accelerations. Using 
appropriate boundary conditions, equations 
of motion are solved for nonadvective or 
eddy flux of momentum and, from this, depths 
of pressure surfaces which are level relative 
to longitudinal and lateral coordinates are 
found. Variations with depth of longitudinal 
and lateral components of pressure force are 
discussed, and relative importance of various 
terms in equations of motion is evaluated. 
—WPA 


A Method for Determining Mean Longi- 
tudinal Velocities in a Coastal Plain Es- 
tuary. D. W. Pritcuarp « R. E. Kent. 
J. Marine Research, 15:81 (’56). It is 
shown that longitudinal component of mean 
veloc. in coastal plain estuary may be com- 
puted indirectly. To do this, use is made 
of lateral and longitudinal components of 
lateral and longitudinal components of equa- 
tion of motion, tidal veloc. amplitudes, and 
deduced relationship between the vertical and 
lateral eddy stresses. Method is evaluated 
for station in James R. estuary. Computed 
veloc, agreed quantitatively with correspond- 
ing observed veloc—WPA 


Evaluation of Hydrological Investigations. 
C. Truetsen. Bohrtechn. Brunnenbau, 6: 
337 (’55). Author discusses various proc- 
esses for calcg. yield of ground water and 
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57-YEAR-OLD STEEL PIPE 


Used for Emergency Sewer 


One of 1957’s costliest civic emergencies was Seattle's Ravenna Boulevard cave-in. 

Failure of a 72-in. sewer tunnel resulted in a vast, 120 x 200 x 60 ft. hole that for a 
time threatened to swallow neighboring houses. It has been theorized that the sewer 

was originally ruptured by the 1949 earthquake. 


The city’s Engineering Department met the crisis with energetic measures. Among 
these was installation of an emergency line above ground to by-pass the break and 
relieve backed-up sewage. The city used about 5000 ft. of 57-year-old riveted steel water 
pipe, 42 in. ID, which it had available. Since this emergency line is laid above 
ground, leak-proof joints were imperative, and could only be had with steel pipe. 


This old steel pipe was originally installed in 1901 for a water main. When it was taken 
up in 1949 and replaced with 66-in. steel pipe, it was found to be in excellent condition 
—after 48 years of high-head service! 


In fact, the Water Department re-used some 9500 ft. of this old pipe for water service, 
placing the remaining 6000 ft. in storage. And there it was when the Ravenna break 
occurred. 


Steel pipe, nearly six decades old, is still on the job in Seattle. What better proof 
of steel pipe’s reliability! 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS 
ASSOCIATION 


105 WEST MADISON ST., CHICAGO 2, ILL. 
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TRANSITE 


FILTER BOTTOMS 


Cut Your Filtration Costs 


NON-CLOGGING PORTS 


Transite filter bottoms are specially 
designed so that the ports cannot be 
blocked by gravel, closed by expan- 
sion, or enlarged. The flow re- 
mains constant and continuous and 
the backwash uniform. Highly 
practical filter bottom easily re- 
moved for inspection and quickly 
relaid. 


The construction is strong—dura- 
ble—and simple. Transite filter 
bottoms have been designed and 
tested to withstand a load of 5,000 
Ibs. per sq. ft., insuring a safety 
factor of over 4X. Field assembly 
requires a screwdriver and about 
five minutes per plate. 


Write For Literature 


FILTRATION 


EQUIPMENT 


CORPORATION. 
HOLLENBECK 


ROCHESTER 21, N. 
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describes process developed by himself which 

does not require detn. of depth of water- 

bearing layer and ground water gradient. 
PA 


Transition Profiles in Nonuniform Chan- 
nels. F. F. Escorrrer. Proc. Am. Soc. 
Civil Engrs., 82, HY3, Paper No. 1006 
(56). Transition profile of channel is de- 
fined in paper as profile at point where flow 
changes from tranquil to rapid, or vice versa, 
without abrupt change. Mathematical in- 
terpretations of transition profiles in uni- 
form and nonuniform channels are presented, 
and graphical method for constructing transi- 
tion profiles in practical application is out- 
lined—_WPA 


HYDROLOGY, CONSERVA- 
TION & IRRIGATION 


Observations on the Use of Hexadecyl 
Alcohol for Conservation of Water. A. G. 
Boon « A. L. Downtnc. J. Inst. Water 
Engrs. (Br.), 11:443 (’57). Efficiency of 
hexadecyl alc. in reducing evapn. depends 
on intensity of solar radiation, wind veloc., 
relative humidity, and rate at which films 
are replaced. It is shown that efficiency of 
method may be influenced by biol. action. 
Evapns. from distd. water and natural wa- 
ters. were same. When hexadecyl alc. was 
added there was difference. Evapn. was less 
in natural water and noticeably less in con- 
taminated waters.—CA 


The Use of Hexadecyl Alcohol to Reduce 
Reservoir Evaporation. F. Grunpy. J. 
Inst. Water Engrs. (Br.), 11:429 (’57). 
Hexadecyl alc. was spread on reservoirs 
either as pellets, as powder, or as soln, in 
kerosene. Dose of 1 1I/acre reduced evapn. 
by 20%. On 5-acre reservoir dose of 3 1/ 
acre/day gave reduction of 30% of evapn. 
At Tanganyika, hexadecyl alc. was used for 
5 mo. and water supply was used 2 mo. 
longer than expected. Larger reservoirs 
might be treated but there are certain prob- 
lems that require more expts.—CA 


Chemical Conservation of Water. A. L. 
Downinc & K. V. Metsourne. J. Inst. 
Water Engrs. (Br.), 11:438 (’57). Use of 
hexadecyl alc. to reduce natural evapn. may 
reduce rate of soln. of O in many, if not in 
all, waters. Studies of effect on different 
waters indicate that due regard should be 
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Standardize on 


MUELLER: 
AWWA Fire Hydrants and Gate Valves 


Designed for 
Bronze Weather Cap above-ground 
Oil Filler Plug ‘Maintenance... 
Mueller AWWA 
Oil Reservo ‘ 
i Improved Fire Hydrants 
Dry Top Design eeee 
“0” Ring Stem Seals 
Breech-Locked Nozzles 
Individual 3 
Non-Kinking Chains 
Safety Stem Coupling 


Concealed Safety Flange 


Compression 


Type Main Valve 
Double Drain Valves 
Bronze Seat Ring 
Double Drain Openings maintenance 
Bronze Cap Nut Mueller AWWA 
Non- Rising Stem Gate 
Valves 


Ask your Mueller 
Representative to show you 
these features on his 
cutaway models of the 
Mueller Improved Fire 
Hydrant and Gate Valve. 


MUELLER Co. 
DECATUR, ILL. 


Factories at: Decatur, 
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given to this effect, particularly in reser- 
voirs that contain high concns. of org. mat- 
ter, which may decay and cause high O de- 
mand.—C A 


Minimum Water Yield From Small Agri- 
cultural Watersheds. L. L. Harrotp. 
Transactions American Geophysical Union, 
38:201 (’57). Methods of analyzing and 
reporting min. runoff data from small water- 
sheds near Coshocton, Ohio, were illus- 
trated. 12-mo. min. runoff values for 2- 
100-yr. recurrence intervals, min. runoff 
values for 1-12-mo. intervals, seasonal oc- 
currence of low runoff values, duration of 
min. flow, and value of 5-day stream flow 
minima for Jun., Jul., and Aug. were pre- 
sented. Basic data were 46 yrs. of pptn. 
records and 18 yrs. of pptn. and runoff 
records.—-PHEA 


Closed System Use of Industrial Water. 
C. J. Lewis. Proc. 10th Ind. Waste Contf., 
Purdue Univ., No. 89 (’55). Author 
stresses importance, in view of increasing 


shortage of water in some parts of US, of 
reuse of water by industries —-WPA 


The Effect of Afforestation Upon the 
Yield of Water Catchment Areas. F. 
Law. J. Brit. Wtr. Wks. Assn., 38:489 (’56). 
In paper presented at 1956 meeting of Brit- 
ish Association for Advancement of Science, 
expts. are described in which effect of af- 
forestation on water catchment areas was 
investigated. In spruce plantation in vicinity 
of Stocks reservoir of Fylde Water Board, 
measurements were made of rain falling on 
catchment area, rain reaching ground under 
trees, rain running down trunks, and of 
runoff from  concrete-enclosed plantation. 
Figures given in paper show that of 38 in. 
of rain falling on area, 14 in. was lost by 
evapn. from tree canopy, and of 24 in. reach- 
ing ground only 10.76 in. ran off and was 
available for supply purposes. Results are 
discussed in relation to yield from catch- 
ment areas and cost of providing supple- 
mentary supplies. Data obtained are in 
harmony with foreign opinion and expts., 
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WALKING BEAM 


FLOCCULATION 


is now specified by 
water works engineers 


1. Eliminates troublesome underwater bearings. 
2. Eliminates expensive dry well construction. 
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3. All bearings accessible for inspection and Rs ae | 
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Planning to install water-softening 
equipment in your community? 


Whether youre planning a soft water installation or have one already, you 
can save money with the correct techniques for storing, handling or using 


brine for regeneration. This is article #13 in a series prepared by Inter- 


national Salt Company. 


Hydraulic Handling—Quick, Eco- 
nomical Way to Move Salt into 


Storage 

Here’s a new, effective method for moving 
salt from delivery cars or trucks into plant 
storage. Hydraulic Handling systems, al- 
ready in operation in industry, have elimi- 
nated the expense of mechanical unloading 
equipment, and cut down considerably on 
man-hours needed to do the job. 


What is Hydraulic Handling? Very sim- 
ply, Hydraulic Handling is the movement of 
granular salt in circulating saturated brine, 
through pipes. Referring to the diagram, 
you will note that dry salt from the hopper 
car is mixed with saturated brine in a salt- 
receiving pit. This slurry is pumped through 
a pipe to a salt-storage tank. Overflow brine 
from the tank continuously returns to the 
slurrying pit to carry more salt into storage. 


Advantages of Hydraulic Handling 


1, Great flexibility. Because pipes carry 
salt, a Hydraulic Handling system can be 
installed where it won’t interfere with other 
plant activities. 

2. No need to move existing equipment. 
Water treatment equipment that might ob- 
struct mechanical handling devices simply 
doesn’t get in the way of a Hydraulic Han- 
dling installation, 

3. Long life, low maintenance. You need 
no safety guards . . . no roofing to protect 
salt from weather ...no belt conveyors, 
elevators, or similar pieces of mechanical 
handling equipment. Also, there is never 
any salt dust that might corrode vital plant 
equipment. 

4. Unlimited capacity. Hydraulic Handling 
systems can be designed to unload, move, and 
store any amount and type of salt—rock or 
evaporated. Whatever your specific needs, 
Hydraulic Handling can satisfy them. 


OVERFLOW BRINE 
RETURNING TO PIT 
SALT 


HOPPER. 
CAR 


SALT-RECEIVING PIT 
Rock salt in hopper car is flushed into salt-receiving 


pit by brine returning from storage tank. Slurry of 
salt and brine is pumped continuously into the tank. 


You can get more information from Inter- 
national Salt Company on how Hydraulic 
Handling can work in your installation to 
cut down salt-unloading and salt-handling 
expense. One of our experienced sales én- 
gineers will be glad to work with you to 
determine the best system of Hydraulic Han- 
dling for your specific needs. Ask him. . 
send a card or letter to International Salt 
Company, Inc., Scranton 2, Pa... . or con- 
tact our nearest district office: 


Atlanta, Ga.; Chicago, Ill.; New Orleans, La.; 
Baltimore, Md.; Boston, Mass.; Detroit, Mich. ; 
St. Louis, Mo.; Newark, N.J.; Buffalo, N.Y.; 
New York, N.Y.; Cincinnati, O.; Cleveland, 
O.; Philadelphia, Pa.; Pittsburgh, Pa.; Mem- 
phis, Tenn.; and Richmond, Va. 


Reminder: Look for International’s ex- 
hibit at the American Water Works Asso- 


ciation Convention, Dallas, Texas.. 
April 20 to 25. 


INTERNATIONAL 
SALT CO., INC. 


SCRANTON 2, PA. 


| 
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which conflict with views of British hy- 
drologists PA 


Investigations of the Hydrology of Small 
Watersheds in Texas. T. TwicHELt. 
Proc. Am. Soc. Civil Engrs., 82, SA4, Paper 
No. 1050 (’56). Author stresses need for 
continuous inventory of data on water re- 
sources as these are fundamental to economy 
of community. Hydrological investigations, 
it is suggested, lag behind development and 
major deficiency is lack of basic data for 
evaluating natural occurrence of water re- 
sources. In Texas, demands for surface 
water far exceed low flow of every major 
Texas stream and successful operation of 
existing water supply projects and proper 
development of new projects are contingent 
upon availability of basic hydrological data. 
Brief anal. is made of hydrological data for 
Texas watersheds, collected over 2-yr. pe- 
riod. Study does not justify conclusions but 
illustrates type of data required over longer 
period to assess true effects of upstream 
development on runoff.—WPA 


Some Principles of Agricultural Irriga- 
tion. D. R. Sisson. Proc. 10th Ind. Waste 
Conf., Purdue Univ., No. 89 (’55). Author 
discusses importance of irrigation in midwest 
states of US and reviews factors to be con- 
sidered in designing and operating agricul- 
tural irrigation system and in using sprinkler 
irrigation as means of disposal of waste 
waters—_WPA 


Irrigation Requirements Based on Cli- 


matic Data. G. H. Harcreaves. Proc. 
Am. Soc. Civil Engrs., 82, IR3, Paper No. 
1105 (’56). Author discusses limitations of 
present methods of using climatic data to 
compute consumptive use and irrigation re- 
quirements. Evapn. of water is considered 
as phys. process, and phys. laws, climatic 
data, and theoretical considerations are used 
to derive new equations for detg. consump- 
tive use or evapotranspiration potential for 
any set of climatic conditions. Formula, 
based on use of evapotranspiration potentials, 
is developed for transferring consumptive 
use data from 1 set of climatic conditions to 
another. Climatic regions in US are de- 
scribed, and use of consumptive use data in 
computing irrigation requirements is dis- 
cussed—_W PA 


SOFTENING & IRON REMOVAL 


Removal of Salts From Water. A. 
Ricuter. Chem. Zentr. (Ger.), 126:7291 
(55). For removal of salts, water is treated 
with hydrogen-ion and hydroxyl-ion ex- 
change materials. Filter for adjusting pH 
value follows exchange filter system. First 
filter may contain cation-exchange material 
made from resorcinol or methyl resorcinol 
sulfonic acid and formaldehyde, regenerated 
with hydrochloric acid, and second, anion- 
exchange material from m-phenylene dia- 
mine, polyethylene diamine, and formalde- 
hyde, regenerated with sodium hydroxide 
free from calcium and magnesium. Third 
filter may contain anion-exchange resin of 
same constitution as that of second filter, 
which has been freed from soluble substances, 
such as salts, acids, and lyes, by washing 
with hardness-free water —WPA 


Dimensions and Arrangement of Plants 
for Complete Removal of Salts. H. List. 
Vom Wasser (Ger.), 23:265 (’56). Author 
gives illustrated account of various possible 
arrangements of cation- and anion-exchange 
filters in plant for complete demineralization 
of water, and discusses possible methods of 
economy in construction and operation costs 
and purpose and advantages of insertion of 
mixed filter as final step in process—WPA 


Pure Water by Ion Exchange. Chem. 
Trade J. (Br.), 140:864 (’57). Portable 
app. for demineralization of water, Mark V 
Portable “Deminrolit,” is described. It con- 
sists of 2 columns of ion-exchange material, 
first containing cation-exchange resin Zeo- 
Karb and second, anion-exchange resin De- 
Acidite. App. has output of 6 gph—WPA 


The Demineralization of Water in Mixed 
Beds. J. Prerrey. Tech. Eau (Belg.), No. 
103, p. 39 (’55). Operation of mixed-bed 
ion-exchange units for demineralization of 
water is described briefly and advantages of 
mixed-bed units over 2-stage units are indi- 
cated—_WPA 


Demineralized Water. II. The Chemical 
and Bacteriological Quality of Demin- 
eralized Water Produced in a Central 
Location and Distributed Through Pipes. 
P. Rasmussen. Arch. Pharm. Chemi 
(Den.), 64:256 (’57). Description of cation- 
anion-cation exchange, 3-tower, centrally lo- 
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High quality water service bronze, 85-5-5-5 mix... 
Plugs individually ground in for perfect fit. . . 
Corporation stops can be installed with any 
standard tapping machine... 
Threads interchangeable with those of other 
manufacturers... 
Conform to all A.W.W.A. standards. 


The same quality is maintained in the complete HAYS line 
of Water Service Products. Send for literature. 


DUO-STOP 
CORPORATION STOP 
and 
SADDLE COMBINED 


MODEL “B” 
COPPER METER SETTERS TAPPING MACHINE 


Join the A. W. W.A, ATER WORKS PRODUCTS 
HAYS is one of the eleven — 


Charter Members of the HAYS MANUFACTURING CO. 


Manufacturers Section of 


the American Water ® ERIE, PA. 


Works Association. 
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cated set-up. Daily use of demineralized 
water was about 2,000 1. Chem. qual. corre- 
sponded to about 1,000,000 ohm-cm. Bac- 
teriologically it was satisfactory, but pyro- 
gens were occasionally encountered.—C A 


Operating Hydrogen Decalcification Plants. 
J. Scummr. Mitt. Ver. Grosskesselbesitzer, 
47:117 (’57). H-exchange method is widely 
in use for removing CO. or salts. Plants 
need intensive maintenance. Principle of the 
process is to replace Ca, Mg, or Na ions by 
H ions. In operating plants Ca as well as 
Cl- and SO.~ content should be checked 
repeatedly.—CA 


Starting Up and Operating a Water De- 
salting System in the Mosener Water 
System. L. A. CHEernova & M. M. Gusu- 
CHINA. Energetik (USSR), 5:11 (’57). 
Discussion of design and operating details 
of plant for conditioning feed water for 
boiler operating under 185 atm. In flow 
order are primary cation and anion ex- 
changers, decarbonator, and secondary cation 
and anion exchangers. Raw water for boiler 
feed is converted from (mg/l): suspended 
matter 4.5-8.4 to 0; salt content 140-257 to 
0.02-0.05; total hardness 1.7-7.9 to 2.4; Cl 
2.2-5.3 to 0; SO.” 24-35 to trace—CA 


WELLS & GROUND WATER 


The Law of Filtration in Ground-Water 
Movement. O. Czepa. Acta Hydrophys., 
3:181 (’56). Author discusses application 
of laws of filtration to ground water move- 
ment and relevant methods of calen—WPA 


Ground Water as Part of the General 
Water Supply. A. WecHMANN. Gas- wu. 
Wasserfach. (Ger.), 97:601 (’56). In gen- 
eral discussion of importance of ground wa- 
ter in general water supply, author first 
deals with the conception of ground water 
and methods of detg. whether water is true 
ground water or is affected by surface wa- 
ters. Subjects then considered include vari- 
ous factors, natural and artificial, affecting 
flow and condition of ground waters, amt. 
of ground water available and amt. used for 
supplies for different purposes in Germany, 
calcn. of future demand for water for vari- 
ous purposes, plans for future, and research 
required into conditions of ground water, 
both in quan. and qual. Difficulties in ground 


water investigations as compared with inves- 
tigations into surface water are discussed.— 
WPA 


Water Supplies From Wells. H. O. Wu- 
tiaMs. Off. Bul. N.D. Wat. Wks. Conf., 
24:2 (’57). This illustrated article com- 
pares wells in rock and in sand formations, 
and gives an account of operation of latter 
type of well. Cause of drawdown and im- 
portance of proper construction to avoid ex- 
cessive losses in head are explained. Meth- 
ods of well construction in different types of 
sand and gravel beds and influence of well 
diam. and screen length on yield are dis- 
cussed. Details are given of contro] and 
treatment of corrosion and incrustation of 
well screens —WPA 


The 1954 Drought and Its Effect on 
Ground Water. G. A. MumLensurc. Proc. 
Am. Soc. Civil Engrs., 82: SA3, Paper No. 
1016 (’56). Drought conditions prevailed in 
Mo. and neighboring areas from 1952 to 1954, 
and reached max. in summer of 1954. Effect 
of drought on ground water in Mo. is dis- 
cussed. Ground water in shallow zone was 
below normal but, in general, deep water- 
bearing strata were not affected—WPA 


Directions for Supplementing Ground 
Water and the Production of Artificial 
Ground Water. C. Truetsen. Bohrtechn.- 
Brunnenbau, 7:181 (56). Various methods 
for supplementing flow of ground water are 
described and hydrology of process is dis- 
cussed.—_W PA 


Importance of Ground Water in Our Na- 
tional Economy. A. G. Friepier. J. Sanit. 
Eng. Div., Proc. Am. Soc. Civil Engrs., 83: 
1271 (’57). Use of water derived from 
underground sources by means of wells has 
been increasing greatly in recent yrs. 
Though ground water meets only about 15% 
of nation’s total requirements for water, it 
is an important resource upon which large 
segment of our pop. depends. There is no 
national ground water problem as such, but 
there are numerous widely scattered problem 
areas, each differing more or less markedly 
from its neighors because of distinctive geo- 
logic and hydrologic environment and other 
local factors. Typical ground water prob- 
lems in 6 areas are reviewed and it is con- 
cluded that soln. of each must rest on ade- 
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Add to these benefits of 


Cyanamid Alum 


e Maximum adsorption of suspended and colloidal 
impurities 

e Forms floc rapidly—coagulates in wide pH range 

e@ Uniform feed—and a purity that minimizes equip- 

ment corrosion 


The extra advantages of 


yanamid 
Liquid Alum 


e Easy unloading—no bags—compact storage—and 
turn-of-the-valve handling 

e@ Consistent concentration that permits automatic 
metering, accurate gauging 

e@ Cleaner—more efficient operation—greater flexi- 
bility with less man power 

@ Quick pay-off on dry-to-liquid conversion because 
of lower costs. 

...and let Cyanamid help you with technical service based 

on long experience with and liquid alum installations. 

Product service from 9 shipping points, in bags, tank cars 

or tank trucks. 


CYANAMID 
AMERICAN CYANAMID COMPANY 


Heavy Chemicals Department 
30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
In Canada: North American Cyanamid, Toronto and Montreal 
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CAST IRON PIPE 


Tested from every angle 
to assure more long years 
of trouble free service. 


© Chemical Test © Sand Compression Test 

© Wall Thickness Test © © Rickwell Hardness Test 

© Talbot Strip Test © External Impact Test 

© Pipe Ring Compression © Internal Pressure 
Test Bursting Test 


FOR WATER, GAS and SEWAGE 
In modern long lengths- 
Bell and Spigot, roll-on- 
mechanical joint and 


You'll Ever M 
The New 


JOINT 
by APCO Underwriters Approved 
Patent Applied For. 


ALABAMA PIPE 


COMPANY 


General Offices—ANNISTON, ALABAMA 
SALES OFFICES 

122 South Ave. 350 5th A 

& Michigan Ave. venue 


3, Illinois New York 1, New York 
950 Dierks Building 18505 West Eight Mile Rd. 
Kansas City, Missouri Detroit 41, 
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quate knowledge of character and capac. of 
ground water reservoirs involved and on 
comprehensive planning for best use of avail- 
able ground water supply. To solve many 
of major problems will be complex and ex- 
pensive, and practically all will require con- 
siderable public education and support if 
adequate soln. is to be achieved —-PHEA 


Protective Zones for Horizontal Filter 
Wells. G. Ketter. Gas- u. Wasserfach. 
(Ger.), 98:82 (’57). Author deals first 
with special difficulties of detg. and con- 
trolling protective zones for wells with hori- 
zontal filters, with special reference to dis- 
tricts with medium and small farms such as 
are found in northwest Germany. In detg. 
protective zones, not only well itself but 
filter pipes and especially pipe heads must 
be taken into account. Extent of 3 protec- 
tive zones should be calcd. for each case 
according to regulations of Deutsche Verein 
von Gas- und Wasserfachmannern. With 
horizontal filter wells, intake funnel forma- 
tion of ground water surface is replaced by 
basin-like depression —W PA 


“Safe Yield” in Ground Water Develop- 
ment—Reality or Illusion? R. G. Kaz- 
MANN. Proc. Am. Soc. Civil Engrs., 82: IR3, 
Paper No. 1103 (56). Author exams. criti- 
cally definitions of “safe yield” of aquifers, 
and concludes that they are unsatisfactory. 
It follows that much of existing legislation 
concerning ground water will prove to be 
administratively unworkable and inequitable. 
Future legislation should be based on ap- 
propriation doctrine, and consideration should 
be given to possibility of development of 
generally applicable method of artificial re- 
charge using raw surface water that is 
either untreated or has received an abs. min. 
of treatment—_WPA 


Ground Water Investigations of a Special 
Type in the Cologne Area. G. SCHROEDER. 
Gas- u. Wasserfach. (Ger.), 97:854 (56). 
Investigation is described of effects of open 
mining in Cologne area on condition of 
ground water. Geological and hydrological 
conditions and methods of calcg. amts. and 
direction of ground water flow are discussed. 
In general, calcns. show that withdrawal of 
ground water from mining area will result 
in reversal of ground water stream so that 
between Rhine and mining area flow will 
consist entirely of filtered Rhine water un- 
mixed with true ground water.—WPA 
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UP-TO-DATE ON 
FLOCCULATORS? 


| 


THIS NEW BOOKLET HAS THE FACTS! 


If you’re interested in flocculation 
equipment...for water, sewage or 
industrial waste treatment... you 
need this new fact-packed Bulletin 
No. 315-51. It describes the Rex 
line of flocculating equipment to 
suit all conditions...where there 
are no floating solids... where there 
are floating solids...and for parallel 
or cross flow arrangements. 


Bulletin 315-51 gives you the 
complete story on Rex Floctrol... 


CHAIN! sex 


Slo-Mixer...Cross-Flow Floccu- 
lator... Vertical Flocculator ... and 
Flash-Mixer. It clearly shows the 
advantages of Rex tank designs, 
and of Rex equipment to help you 
improve mixing, save chemicals, 
and increase plant efficiency. 


Send for your copy today. Write 
to your Rex Sales Engineer, or to 
CHAIN Belt Company, 4609 West 
Greenfield Avenue, Milwaukee 1, 
Wisconsin. 
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PERCOLATION AND RUNOFF 


APPROVED 


hy UNDERWRITERS’ 


APPROVED BY UNDER- 
WRITERS’ LABORATO- 
RIES, INC., AND ASSO- 
CIATED FACTORY MU- 
TUAL FIRE INSURANCE 
COMPANIES. 


FIRE HYDRANTS 


No. 74 & No. 76 California Type 
Wet Barrel Double Hydrant (for 
non-freezing weather). INDE- 
PENDENT valves for each out- 
let; integral curved deflector 
head; full 6%” waterway through 
hydrant body. Greenberg “Cas- 
cade” Dry Barrel hydrants are 
available for freezing climates. 


We facture a plete line 
of Industrial and Maritime bronze 
valves, hydrants, plumbing spe- 
cialties, plaques, letters and 
hardware. Write for our catalog. 


Serving American Water Works 


| 


BRONTE PRODUCTS 


M. GREENBERGS SONS 


765 Folsom Street, San Francisco, Calif. 


Phone Exbrook 2-3143 


—with offices in principal 
cities of the United States. 
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Sikkim on the rocks isn’t a villain’s 
command to his dogs but a drink that 
may one day be the bartender’s best 
seller. It may—as a matter of fact, 
it should—be a while yet, as the dis- 
tillery that will produce Sikkim is yet 
to be built. It will be built, of course, 
in Sikkim, a tiny Himalayan kingdom 
which may have escaped your notice, 
as part of the 7-year plan of Premier 
Rustomjee Dewan, whose advisers 
have informed him that Sikkim’s water 
so closely resembles the water of Scot- 
land that it would not be difficult to 
distill good quality Scotch (Sikkim) 
there. With the hope that Sikkim will 
become an important Sikkim export, 
the government has given top priority 
to the construction of the distillery. 
As our only knowledge of the Hima- 
layas comes from James Hilton’s Lost 
Horizon, we’re just a little bit worried 
about how Sikkim is going to be aged. 
Ah well, if it isn’t, Lost Weekend! 


The rocks, by the way, under Scotch 
—and, certainly, similarly, Sikkim— 
should not, according to a note in the 
December 1957 issue of Cosmopolitan, 
be hard, lest they damage the drink. 
To be “not hard,” of course, is not to 
be “not frozen,”’ but to be frozen from 
water that is not hard. A full ex- 
planation, we understand, is obtainable 
during trans-Atlantic flights from 
BOAC stewardesses. Sic ’em! 


John A. Andrea, Chapel Hill, N.C., 
water and sewer department chief en- 
gineer, has been named to the newly 
created post of chief city engineer in 
charge of all street, utility, and line 
work. Mr. Andrea, who has been 
working for the city since 1947, will 
continue with his water and sewer 
duties. 


(Continued on page 82 P&R) 


| 
| 
| Ba! | 
Founded 1854 
| 


SIMPLEX “S” CONTROLLERS 


keep filter rate uniform without outside power sources 


Important? Yes! Because it eliminates the Compact Type “S” Controller is only 


danger of run-away filters when power 
sources fail. In addition, you get continuing 
accurate control to the wide-open position 
... for longer runs. You save on pumping 
with full-area opening . . . and no flow ob- 
structions at the wide-open position. 


eee eee 
SIMPLEX VALVE & METER CO. 

DEPT. JA-3, 7 East Orange St., Lancaster, Pa. 

Send me new technical bulletin 900 that gives valuable design and 
performance data on Filter Controllers and Master Control Systems. i 


MAIL THIS COUPON TODAY!» 
SIMPLE X* 


three pipe diameters long. Fits anywhere— 
horizontally or vertically. Eliminates ex- 
pense of straight-pipe approaches. Proven 
by twenty-five years’ trouble-free service. 
And with virtually no maintenance—saves 
you money in the long run. 


VALVE AND METER COMPANY NAME 

A subsidiary of PFAUDLER PERMUTIT INC. 

Venturi Tubes + Flumes + Meters » Gauges ADDRESS 
Transmitters + Controllers + Tables + Air Valves on 
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‘Death by drowning’ is rarely 
found in a water utility accident re- 
port, but it happened (not in line of 
duty) last Dec. 16 at Cumming, Ga. 
Earl Hamby had stopped in at the city 
water plant that night to make a phone 
call. Disturbed by the noise of the 
pumps, he carried the telephone to a 
nearby doorway and stepped through 
it. The pump intake basin was on the 
other side. 


Frank B. Sarles’ listing in the 1957 
AWWA Directory of Consultants 
failed to include the notation that he is 
a registered professional engineer in 
California. Mr. Sarles is a consulting 
civil engineer, with offices at 425 South 
E Street, Santa Rosa, Calif. 


The first award of the William M. 
Cobleigh Scholarship has been pre- 
sented to Floyd K. Haugen, of Belt, 
Mont., a senior engineering student at 
Montana State College, Bozeman. The 
Montana Section of AWWA and the 
Montana Sewage & Industrial Wastes 
Assn. were instrumental in establish- 
ing the scholarship fund as a memorial 
to Dean Cobleigh, one of the founders 
of both organizations, who died in 
1951. 


Francis L. Winslow has been 
elected president of the Plainfield- 
Union Water Co., Plainfield, N.J. 
Mr. Winslow, secretary-treasurer of 
the company for 30 years, succeeds 
William T. Speer, who resigned last 
May. 


(Continued on page 84 P&R) 
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Ordinary old-fashioned meter couplings are 
frequently like shackles on your water meters. 
They often make meter changing so difficult 
and troublesome that periodic testing is omitted 
and proper meter maintenance neglected. 


Be sure to set your meters the modern way. 
See that Ford Yokes are keeping every meter 
available for fast, fast, FAST changing and 
testing. Savings in time and increases in rev- 
enues can be really substantial. 


You can change a metet 


in a Ford Yoke 


EASILY 


Angle Yokes 


There are models for every con- 


FOR. BETTER WATER SERVICES 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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‘a irst Definitive Guide to— 


THE LAW OF WATER ALLOCATION 
In the Eastern United States 


Edited for The Conservation Foundation 
by David Haber and Stephen W. Bergen 


ust out! New book studies the water 
aws of three eastern states and reviews 
water law experience in western states. 
Discusses the constitutionality of recent 
legislative proposals; legislative alterna- 
tives; and further research needs. Con- 
siders economic concepts used in evalu- 
ating water law and a proposed method 
of economic analysis for state water 
planning, use allocation, and develop- 
ment. With 12 Contributors and 52 Dis- 
cussion Participants and Observers. 666 
$7.50 


IRRIGATION DEVELOPMENT AND 
PUBLIC WATER POLICY 
Roy E. Huffman 


A comprehensive survey of the eco- 
nomic and social aspects of irrigated 

iculture and public water policy in 
the U.S. Book traces the development 
of irrigation and discusses essential 
factors for a sound, far-sighted, irriga- 
tion policy on local, regional, and na- 
tional levels. /9 ills., tables; 336 PP 


FRESH WATER FROM THE OCEAN 
for Cities, Industry, and Irrigation 
Cecil B. Ellis and Staff Members of 
Nuclear Development Associates, Inc. 
Critical investigation into the economic 
feasibility and basic physics of saline 
water conversion. Book analyzes cost ele- 
ments: plant construction, labor, main- 
tenance, raw materials, power require- 


ments, etc. A Conservation Foundation 
study. 4/ ills., tables; 217 pp. 


CONSERVATION LAW 
AND ADMINISTRATION 
William F. Schulz, Jr. 

A guide for all states on improving con- 
servation law and practice. Using Penn- 

lvania as a yardstick, book examines 
pi organization and operation of federal 
and state agencies. A Conservation 
Foundation study. 34 ills., tables; 
607 pp. $10 


@ Order your books from: 
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_—«CTHE RONALD PRESS COMPANY 
15 East 26th St., New York 10 
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A dry chemical feeder with a self- 
cleaning feed mechanism has been in- 
troduced by Wallace & Tiernan Inc., 
Belleville, N.J. Constructed of heavy- 
gage steel, the A-690 feeder has a hop- 
per capacity of 3.25 cuft and a feed 
rate up to 2.85 cuft,/hr. The self- 
cleaning feed screw discharges the 


chemical alternately from each end of 
a feed tube. While one end of the 
screw is discharging, the other end is 
cleaned by being threaded through the 
material. A removable plastic window 
on the front of the volumetric feeder 
(see photo) permits observation of the 
feed screw in operation. 


(Continued on page 86 P&R) 
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All Bronze COMPOUND METERS 
Case, sizes 

ee a will give you better and longer service 
illustrated above 


also than any other Compound Meters 
lron Case Meters 


{not shown here) 
in sizes 8”~10” only HERSEY gives you such a large selection of sizes to fit your every need. 


HERSEY MANUFACTURING COMPANY 
DEDHAM, MASS. 
BRANCH OFFICES: NEW YORK —— PORTLAND, ORE. — PHILADELPHIA —— ATLANTA — DALLAS —— CHICAGO — SAN FRANCISCO — LOS ANGELES 


HERSE Y 
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Harvey F. Ludwig and Joseph L. 
Feeney have formed the consulting 
engineer firm of Ludwig Engineering, 
with offices at 490 E. Walnut St., 
Pasadena, Calif. 


Legal notes: Fluoridation. The 
New York State Supreme Court has 
dismissed an application of a number 
of customers of the New Rochelle Wa- 
ter Co. to set aside a State Public 
Service Commission rate order. The 
customers had sought to reverse the 
commission’s decision to allow fluori- 
dation costs to be included in the rate 
base. 

Taxation. The New Jersey Su- 
preme Court ruled that a municipality 
cannot tax water companies for the 
value of water flowing through mains. 


The court upheld decisions by the 
State Div. of Tax Appeals and the 
Hudson County Tax Board which can- 
celed tax bills of $200,000 a year from 
1952 to 1955 against the Hackensack 
Water Co. The court ruled that water 
in the mains is not the personal prop- 
erty of the utility distributing it. 


An achievement in achievement is 
being undertaken this year by the 
Indianapolis Water Co. as sponsor of 
a group of tyro tycoons who have 
established a corporation to manufac- 
ture and sell toy chests under the name 
of Tru-Kut Products. Set up under 
the guidance of Junior Achievement— 
a national nonprofit organization es- 
tablished in 1919 to teach youth the 
free-enterprise system on a practical 
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Ce Mapping out a 
Public Relations 
| Campaign? 


Let Willing Water help you ... he’s 
the master of all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 

Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue * New York 16, New York 
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and shaft in single volute 
pump whenever it is operating 
at below peak efficiency. 


Drawing showing how radial 
forces are equalized in 
Wheeler -Economy Dual Vo- 
lute Centrifugal Pumps. Note 
that the inlet for each volute 
is 180° from the other. 


C-H-Wheeler cor 


How Wheeler-Economy 


Dual Volute Design 
prolongs pump life by 
equalizing radial forces 
acting on pump impeller 
and shaft 


pumps at | 
ceuse considerable trouble. Forces of 
fie to ten times the weight of the 
rotating parts are set up, often with 
the result that the pump shaft breaks 
casing rings wear prematurely and 
the stuffing box leaks. 

Wheeler-Economy Dual Volute de- 
sign solves these problems by forcing 
the liquid to accelerate and decelerate 
at a uniform rate regardless of load. 
As you can see from t sketch, liquid 
leaving the impeller at the “‘nineo’clock”’ 
position enters one volute; liquid leav- 
ing at “three o’clock”’ enters the other. 
In this way, radial a at each 
ne eee along the i — er periphery are 

nced by equal and Hiametrically 
opposite pressures—eliminating eccen- 
tric wear of stationary parts and pump 
shaft fatigue failure. 

Fill out and mail the coupon below 
for complete information on Wheeler- 
Volute Centrifugal 

see your representative. 


19th and Lehigh Avenue, Philadelphia 32, Pa. 


Please send complete information on Wheeler-Economy - 
line of Dual Volute Centrifugal Pumps. 


Centrifugal, Axial and Mixed Flow Pumps Steam Condensers Vacuum Equipment Marine Auxiliary Machinery + Muclear Products 
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basis—Tru-Kut Products is one of 25 
such corporations that were started in 
Indianapolis last October and will be 
dissolved next May. Each of them 
manufactures and sells some product. 
The Junior Achievers in each group 
constitute their own board of directors, 
elect themselves to management posi- 
tions, and work in production and 
sales departments, paying themselves 
a salary for duties performed. As 
Junior Achievement is operated on a 
nonprofit basis, the corporations are 
exempt from federal income tax, in 
lieu of which they pay 30 per cent of 
their profits to the national organi- 
zation. 

As a sponsor, the water utility pro- 
vides three advisers—on sales, busi- 
ness, and production—to Tru-Kut and 
contributes minor incidental expenses. 
The funds for setting up the project 
as a whole, totaling $28,000, were 
raised by contributions from firms 
which do not actively participate in 
the operation. There, too, the Indian- 
apolis Water Co. helped, by contrib- 
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Steel truck bodies featuring variable shelving arrangements and 
capable of being mounted on any standard chassis have been de- 
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uting the services of its treasurer as a 
fund raiser. And as first customer, 
President Tom Moses is now known 
as the man with the Tru-Kut chest. 
Not on a nonprofit basis, the utility 
takes its kut in community relations! 


Arthur W. Radford, former chair- 
man of the US Joint Chiefs of Staff, 
has been elected a director of Worth- 
ington Corp., Harrison, N.J. Admiral 
Radford recently retired from the Navy 
after 45 years of service. 


W. E. MacDonald has retired as 
commissioner of water works at Ot- 
tawa, Ont., after 47 years of service 
to the city. He plans to engage in 
consulting work. 


Dudley R. Shepard has retired as 
town engineer and superintendent of 
public works for Nutley, N.J. Suc- 
ceeding him as superintendent is Harry 
Paxton, senior engineer in the depart- 
ment. Mr. Shepard expects to engage 
in consulting work. 


signed especially for water and sewerage system maintenance by 


Reading Body Works, Inc., Reading, Pa. 
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WATER FOR STATESVILLE 


More than 5 miles of Armco Pipe delivers water from river to water 
works at Statesville, North Carolina 


Statesville, North Carolina, is joining 
hundreds of other cities using Armco 
Steel Water Pipe to meet increasing 
needs for water. Shown here is part of 
the nearly 514 miles of Armco Pipe 
that carries raw water from the South 
Fork of the Yadkin River to States- 
ville’s water treatment plant. 

The 24-inch-diameter, 1/,-inch-wall 
thickness water line was laid in 50-foot 
lengths. These long lengths meant 


fewer joints and helped speed installa- 
tion. 

Armco Pipe can help solve your 
water supply problems too. Write us 
for prices and delivery time or infor- 
mation related to your specific prob- 
lems. Armco Drainage & Metal Prod- 
ucts, Inc., Welded Pipe Sales Division, 
4148 Curtis Street, Middletown, Ohio. 
Subsidiary of Armco Steel Corpora- 
tion. In Canada: write Guelph, Ontario. 


Armco Welded Steel Pipe 
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Section Meetings 


Virginia Section: The 24th annual 
meeting of the Virginia Section was held 
at Hotel Roanoke, Roanoke, Nov. 6-8, 
1957, with a record attendance of 241. 
The highest previous attendance was 237, 
in 1952. The meeting opened on a note 
of sadness as the result of the death of 
Linn Enslow at his farm in Pulaski 
County, Va., on Sunday, Nov. 3. As was 
his custom, Linn usually visited his farm 
a few days in advance of the Virginia 
Section meeting, and his attendance was 
always anticipated. Many of the mem- 
bers did not know of his death until the 
meeting started. The Section had been 
saddened earlier in the year by the death 
of Herman W. Snidow, regional engineer 
with the State Dept. of Health, who was 
a charter member of the Section and its 
first secretary-treasurer. 

With the excellent facilities of Hotel 
Roanoke and with a well varied program, 
the technical sessions were well attended. 
In line with the current emphasis on 
safety, the program included a panel dis- 
cussion on this subject headed by X. D. 
Murden, chairman of the Section’s Acci- 


dent Prevention Committee. An opera- 
tors’ certification program outlined by C. 
G. Haney, superintendent of filtration, 
Charlottesville, evoked considerable dis- 
cussion. The technical sessions closed 
on Friday with a humorous and philo- 
sophical talk by Walter A. Flick, of 
Washington and Lee University, stress- 
ing the advantage of pleasant relations 
with people, both in business and across 
the back fence. [A complete list of tech- 
nical papers presented appeared on p. 
1615 of the December 1957 issue.] 

A field trip to the Norfolk & Western 
Railway shops was enjoyed by a large 
number of the men. This is one of the 
few railroads, if not the only one, where 
large steam locomotives are both con- 
structed and maintained. The guided tour 
was revealing to all. To a great many 
persons, a locomotive will always be more 
fascinating and romantic than jet planes 
or ballistic missiles. 

As usual, a large number of ladies 
were present. Over 50 were entertained 
at a luncheon at Bennett Springs on the 


(Continued on page 94 P&R) 


WELLS PLUGGED 
WELL CAPACITY DOWN 
you NEED WELL KLEEN rormura #117 


FIELD TESTED AND PROVEN LIQUID NON ACID MATERIAL READY FOR IMMEDIATE 
USE. REMOVES RUST, SCALE AND INCRUSTATION FROM WELLS AND SURROUND- 
ING GROUND STRATA. ALSO SPEEDS WELL DEVELOPMENT BY DISPERSING SILT. 
WELL KLEEN IS NON-TOXIC AND NON CORROSIVE AND CAN BE USED WITHOUT 
DANGER OF BLOWOUT. FOR FURTHER INFORMATION WRITE TO 


INDUSTRIAL CHEMICALS, INC. 
SOUTH BEND 14, IND. 
COMPLETE WATER TREATMENT 


4, 
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1879—-ROSS-1879 
Automatic Values 


Controls Maintains 
elevation of safe operating 
water pressures 
in for 
conduits, 
distribution 

1. Single Acting aan 
2. Double Acting 


SURGE-RELIEF VALVE 


desired 


discharge 


pressure 
regardless 


of change 
in 
rate of flow 
COMBINATION VALVE 


Regulates pressure in vi 
and pump Combination automatic control 


voirs and zones of different pres- | },.+n directions through the valve. 
sures, etc. 


Maintains 
levels in tank, Electric remote 


reservoir control— 

or basin solenoid or 
1. As direct motor 

can be 
furnished 


between two REMOTE CONTROL VALVE 


stops, forupper | Adapted for use as primary or 

and lower limit | secondary control on any of the 

of water eleva- | hydraulically controlled or operated 
FLOAT VALVE _ition. valves. 


Packing Replacements for all Ross Valves Through Top of Valve 
ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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first day of the meeting, and there was a 
card party at the hotel the following day. 
As is customary, each lady received a 
corsage with the compliments of the Sec- 
tion prior to the annual banquet. 

During the banquet, Old Dominion 
Award certificates were presented to: J. 
H. Gardner, president and treasurer, 
Bingham & Taylor Corp., Culpeper ; E. C. 
Meredith, director, Div. of Engineering, 
State Dept. of Health, Richmond; J. M. 
Pharr, assistant general manager, New- 
port News Water Works Commission, 
Denbigh; and Capt. Paul E. Seufer, US 
Navy, Washington, D.C. The Old Do- 
minion Award is for continuous member- 
ship in AWWA for 20 years. 

In the first year of the safety program, 
it was gratifying that Safe:y Awards were 
made to six Virginia water departments. 
Portsmouth received the Award of Honor, 
and the Award of Merit went to Win- 


chester, Staunton, Martinsville, Fries, and 
Franklin. 

The Virginia Section was happy to 
have a Fuller Award nominee this year, 
in the person of Harry N. Lowe Jr., chief, 
Sanitary Engineering Branch, US Army 
Engineer Research & Development Labs., 
Fort Belvoir. The recognition was never 
more deserved. 

A dance which followed the banquet 
was enlivened considerably by the pres- 
ence of Bill Orchard and Fred Merry- 
field, with the former at the piano and 
the latter at the microphone leading group 
singing. This pair has worked together 
before, which no doubt accounts for the 
professional nature of the performance. 
The fact that the Manufacturers’ Club 
Room had set up shop in the ballroom for 
the duration of the dance may have helped. 

J. P. KAvANAGH 
Secretary-Treasurer 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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The Superior 
COAGULANT 


@ Increased filter runs 

@ Coagulation over 
wide pH ranges 

@ Rapid floc formation 

@ Economy 

@ Turbidity removal 

@ Color removal 


@ Manganese and 
Silical removal 


@ Bacteria removal 


DIOXIDE 


Sulfur-Dioxide is 

used for dechlorination in 
water treatment and to re- 
move objectionable odors re- 
maining after purification. 


copper 
SULFATE 


Copper Svlfate will control 
about 90% of the microor- 
ganisms normally encounter- 
ed in water treatment plants 
more economically than any 
other chemical. 
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Ferric salts have proven their 
ability to coagulate waters of 
widely varying turbidity. Spring 
rains increase turbidity for those 
who must treat surface supplies. 
The use of Ferri-Floc will simplify 
the treatment of this high turbidi- 
ty. Ferri-Floc is partially hydrated 
Ferric Sulfate that has the ability 
to convert these high turbidities 
without radical dosage changes. 


WATER TREATMENT 


Efficient coagulation of surface or well waters. 
Aids taste and odor control—Effective in lime 
soda-ash softening. Adaptable to treatment of 
nearly all industrial waters. 


SEWAGE TREATMENT 


Ferri-Floc coagulates water and wastes over wide 
pH ranges—it provides efficient operation regard- 
less: of rapid variations of raw sewage and is ef- 
fective conditioning sludge prior to vacuum filtra- 
tion or drying on sand beds. 


Let us send you without charge, a 38 page booklet that 
deals specifically with all phases of coagulation—just 
send us a postal card, 


TENNESSEE CORPORATION 


617-29 Grant Building, Atlanta, Georgia 
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Dahigren, William J., Chief | Morton, William, Cons. Engr., 
Engr., Tenn. [I tion Bureau, 920 Miller St., Seattle 2, Wash. 


1000 ‘Stahiman Bldg., Nashville 3,| (Jan. ’58) 
bed Tenn. (Jan. ’58) D 
> TOTAL Nauta, Albert J., Asst. Sales Mgr., 
wy « \ Davis, City of, Frank Fargo, City Hungerford & Terry, F scan Clay- 
2 | Se ton, N.J. (Jan. ’58) 
(Mun Vv. an.’ 
} Norris, John R., 
Fes | 1 | 1958 MD Filter Plant, Clarksville Light & 
AMERICAN / Diefendorft, Adelbert, Dean Water Co., Clarksville, Ark. (Jan. 
WATER WORKS School of Eng., College of the 58) P 


ASSOCIATION 4, Calif. (Jan. O’Brien, Francis J., Supt., Water 
) Devt., 11 City Hail, Burlington, 
ater Engrs., 1410 aca St., Victor H Sh 
MB + Shop Supt., 
NEW MEMBERS Austin 1, Tex. (Apr. ’38) Meter Div., Water Dept., 531 E. 
Applications received Jan. 1-31, 1958 | Eldridge, L. C., City Water Bd., 29th St., San Bernardino, Calif. 
Box 2449, San Antonio 6, Tex. (Jan. ’58) 
60th (Jul. Orange County San. Dists., Wil- 
ee Se 4 Fargo, Frank; see City of Davis| liam L. Henderson, Chief Chemist, 
Ave., Denver 16, Colo. (Jan.| ~ (Calif.) Rm. 239, 1104 W. 8th St., Santa 


honest Fuller, Emmett J., Supt. of Util- aaa (Munic. Sv. Sub. 
American Machine & Foundry ities, Water & Elec. Dept., Ellis, : 
Chem. Research & Dev. Lab., Kan. (Jan. °58) MD Palmer, F. F., City Engr., Box 
W. K. W. Chen, 689 Hope %., Fulmer, E. C., Dist. Service Engr., 486, Forsyth, Mont. (Jul. "34) 
Springdale, Conn. (Corp. M. Jan.| Electric Chem. Co., 8011 Franklin | Paquette, Wilfrid 8., Sales Engr., 
58) P ay Cleveland, Ohio (Jan. ’58) Wallace & Tiernan, Tnc., Newark, 
Ashton, Dan P., Tech. Supervisor, RPD : N.J. (Jan. '58) P : 
Crown Zellerbach Corp., St. Helens, | Gardner, Marvin B., ~ Chief | Potter, Albert M., Partner, Servi- 


E Morland Assocs., South soft Soft Water Service, 217—4th 
Bailey, James W., Plant Operator, RPD 58) P 


Clarksville Light & Water Co., 


- Gengo, sone T., Asst. Supt.,| Price, William P., Jr., Gen. 
Clarksville, Ark. (Jan. °58) P Water & Ligh t Dept. Salamanca, Mgr., United Water Conservation 
Barrett, Raymond, Sr. Exec. N.Y. (Jan. gS) Dist., 806 Railroad Ave., Santa 


Engr., Public Works Dept. Federal | Gove, Robert H., Civ. Engr., 149 Paula, Calif. (Jan. °58) RD 
Headquarters, Maxwell Rd., Kuala, S. Edwards St., Kalamazoo, Mich.| Raines, Harold, Attorney East 
Lumpur, Malaya (Jan. ’58) PD (Jan. ’58) MRPD Bay Munic. Utilities, Dist., 2130 
Bell, Howard Otis, Water Supt.,| Graham, H.; see Victoria (B.C.) yg Oakland 23, Calif. 
Yellville, Ark. (Jan. °S6) Public Utilities Com. 
Bookwalter, W. F., Vice-Pres., St., Butane Products Co., Port’ Neches, 


ington St, Michigan ‘City, Ind, | 22, N.Y. (Jan. ‘is 
4 | Slee, Angus E., ransite 
(Oct. ’56) Gumbel, Walter C., Conservation Mer. Johas- Manville Sales Corp., 


ngahela Power Co., B 
Boydston, James R., Project| it), Mgnongahela, Power | 301 Continental Oil Bidg., Denver 


Engr., Stevens & Thompson, 2234| RppD ; 2, Colo. (Jan. ’58) D 
S.W. Sth St., Portland 7, Ore. M. os Bi Smith, Albert R., Contracting 
(Jan. °58) P | Engr. Pittsburgh Des Moines Steel 


Brewer, Richard N., Gen. Megr., 3524, Seattle, Wash. (Jan. ’58) D inal ‘Jen ey St., Des Moines, 
on St., igan ty, te Fe ion t., Box 4 
(Jan. ’54) Rancho Santa Fe, Calif. 
Bristol Co., The, G. P. Lonergan, 
Sales Pusiiiten Mgr., Waterbury | Harris, Sam., Distr. Supt., Clarks- Smith, Sherman A., Cons. Engr., 


Sherman Smith & Assocs., 921 
20, Conn. (Assoc. M. Jan. ’58) 3 Clarks | Semeur St., Burlington, Iowa 


Bucher, Robert W., Service Direc- (Jan. ’58) MRPD 
tor, City Bidg., High St., Wads-| San | Soderberg, Arthur L., 83 Farley 
worth, Ohio (Jan. ’58) Hughes, Bernard ¥., Producs Fanwood, NJ. (Oct. $1) 
Casey, Thomas J., San. Engr., Mar. "Fabricated Plate Products, | S°m™mer, Adam, Application Engr., 
Ford, Bacon & Davis, 39 Broad-| Alco’ Products, Inc., Dunkirk, | Alco Products, Inc., 25 


way, New York, N.Y. (Jan. 58) N.Y. (Jan. N.Y. ’5S) 
RPD Johnson, Lewis H., Jr., Sales me 


Chas, Andrew Draftsman, Bell | Engr., B-I-F Texas, Inc, North} 216 w. 4th St., New il, 
Telephone Labs., Murray Hill, Dallas, Tex./ Ney. (Jan. R 
N.Y. . 58) PD 

Chen, W. K. W.; see American . 
Machine & Fou Western Utilities > (Jan. °56) 

3524, Seattle 24, Wash. (Jan. ’S8) | Public Utilities Com., 


search & Dev. Lab. Lonergan, G. P., see The Bristol! H. Graham, Chief Engr., $03 Cen. 


Crowley, Frank W., Acting Sr. Co. tral Bl Victoria, B.C. (Corp. 
Exec. Engr., Office of ADPW Wa- Miller, John Acting Div. Sales M. Jan." '58) 
ter Supplies, PWD Federal Head-| Mgr.’ "Pipe & Const. Co., | Wagner, F., Supt. of 
quarters, Maxwell Rd., KualaLum-| Box 60, Hayward, Calif. Jan Public Works, 203 Chestn 


t St., 
pur, Malaya (Jul. ’54) 58) D Dowagiac, Mich. (Jan. °58) M 
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answer 


to a lot of tank problems 


American has been building tanks of many types, 
pressure vessels and storage reservoirs for a third 
of a century. This great store of experience in the 
design, fabrication and field erection of these prod- 
ucts has resulted in carefully engineered custom 
fabricated units at the lowest possible cost. Facil- 
ities, experience and personnel have made Amer- 
ican outstanding in the field. Job-timed delivery 
eliminates costly construction delay. 


You'll find it easy, profitable and pleasant to do 
business with American. 

Write or phone to have an American sales engi- 
neer help you plan your next job. 


518 N. E. Columbia Bivd. Portland 11, Oregon 
BUtier 5-2531 


les Angeles Wayward San Diego Phoenix 
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Index of Aduertisers’ Products 


Activated Carbon: M. Green 's Sons Proportioneers, Inc. (Div., B-I-F 
Industrial Chemical Sales Div. Hays Mfg. Co. Industries, Inc.) 
Permutit Co. Mueller Co. Wallace & Tiernan Inc. 


Chlorine Comparators: 
Silica Generato Brine- Making ulpment: Klett Mfg. Co 


achine Co. (Div., B-LF International Salt Co., Inc. W. A. Taylor & Co 


waa bane) Inc. Calcium Hypochlorite: Wallace & Tiernan Inc. 


hn Wil Co. , Liquid: 
Aerators (Air Diffusers) : John Wiley te. 
American Well Works Carbon Dioxide Generators: Ga & Tiernan Inc. 

borundum Co. Infilco Inc. ‘ Clamps and Sleeves, Pipe: 
General Filter Co. Walker Process Equipment, Inc. weeny t Clow & Sons 
Infilco Inc. Cathodic Protection: =, Mig. Div. 


Permutit Co. ; 
Walker Process Equipment, Inc. Comp. 


Air Compressors: Cement Mortar Lining: Rensselaer Valve o. 
Allis-Chalmers Mfg. Co. Centriline Corp. A. P. Smith Mfg. Co. 
io ochrane Corp ps, oint: 
f: umina) : Graver Water Conditioning Co. ames B. Clow & Sons 
Alum (Sulfate of Al Infilco Inc. Mig. Div. 
eopol Clamps, Pipe Repair: 
nee Co. (Div., B-I-F ames De. & Sons 
ndustries, Inc. resser 
— ae. Permutit Co. Trinity Valley Iron & Steel Co, 
era emica: Div. Proportioneers, Inc. (Div., B-I-F | Clarifiers: 
John Wiley Jones Co. Industries, Inc.) American Well Works 
Ammoniators: Ross Valve Mfg. Co. Chain Belt Co. 
Proportioneers, Inc. (Div., B-I-F | Simplex Valve & Meter Co. Cochrane Corp. 
Industries, Inc.) Wallace & Tiernan Inc. Dorr-Oliver Inc. 
Wallace & Tiernan Co., Inc. Chemists and Engineers: Etablissements Degremont 


Ammonium Silicofluoride (See Professional Services) ar Conditioning Co. 


American Agricultural Chemical Co. | cniorination Equipment: Infilco Inc. 
Brass Goods: Builders-Providence, Inc. (Div., | Permutit Co. 
American Brass Co. Industries, Inc.) Walker Process Equipment, Inc. 


p OTOVO LT Line-Operated 


pH METER 
Mod. 115 


A full-fledged 
pH Meter of re- 
markable accuracy 
at the moderate 


price of $130.— 


(inel. electrodes ) 
Write for Bulletin #225 to 


PHOTOVOLT CORP. 


95 Madison Ave., New York 16, N.Y. 
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drop-tight shut-off 
position. In oper- 
ation, the conical 
plug first lifts, 
then turns, finally 

 reseats, giving you, 
precise aperture 


3 MORE SMS-ROTOVALVES ORDERED FOR 
PUMP DISCHARGE SERVICE AT IRON MOUNTAIN 


As part of the expansion program for increasing the supply of water 

to southern California through the Colorado River aqueduct, three more 
SMS-Rotovalves have been ordered by the Metropolitan Water District 
of Southern California. These three 48” x 6414” tapered Rotovalves, 
duplicates of six already installed at Iron Mountain Pumping Station, 
will be used for pump discharge service. Their inherent characteristics 

of a large reduction of flow area during the early part of the 

closing stroke make them ideally suited to control surges 

in the event of emergency shut-off. 


SMS-Rotovalves give the least possible pressure loss. In the 

open position, their full line opening offers no more resistance than 

a straight piece of pipe of the same diameter. Hydraulic unbalance and 
mechanical design make operation easy, and less powerful operators 
may be used. Rotovalves’ flexibility suits them to any type of 
operation, any method of control, or any sort of location. 


To obtain information on SMS-Rotovalves, as well as on the entire 
SMS line of Butterfly and Ball Valves, contact our nearest representative, 
or write S. Morgan Smith Company, York, Pennsylvania. 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovaives Ball Vaives R-S Vaives «+ Free-Discharge 
Valves * Liquid Heaters * Pumps * Hydraulic Turbines & Accessories 
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Condensers: 

Alco Products, Inc. 
Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Contractors, Water Supply: 
Layne & Bowler, Inc. 
Liquid Level, 


Rate of Flow: 
Builders-Providence, 

B-I-F Industries, 
Foxboro Co. 
General Filter Co. 
Infilco Inc. 
Minneapolis-Honey well Regulator 


Simplex Valve & Meter Co. 
Sparling Meter Co. 
Copper Sheets: 
American Brass Co. 
Copper Sulfate: 
Genera! Chemical Div. 
Tennessee Corp. 
Corrosion Control: 
Alco Products, Inc. 
Calgon Co. 
Industrial Chemicals, Inc. 
Philadelphia Quartz Co. 
Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mig. Div. 
Diaphragms, Pump: 
Dorr-Oliver Inc. 
Engines, Hydraulic: 
Ross Valve Mfg. Co. 
Engineers and Chemists: 
(See Professional Services) 
Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 
Calgon Co. 
Cochrane Corp. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 
Ferric Sulfate: 
Tennessee Corp. 
Filter Materials: 
Anthracite Equipment Corp. 
rundum Co. 
Dicalite Div. 
General Filter Co. 
ohns-Manville Corp. 
Gravel Co. 
Permutit Co. 
Stuart Corp. 
Filters, incl. Feedwater: 
Cochrane Corp. 
Dorr-Oliver Inc. 
Etablissements Degremon' 
Graver Water Contiitioning Co. 
Infilco Inc. 
Permutit Co. 
Proportioneers oat (Div., B-I-F 
Industries, Inc.) 
Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 
Filtration Plant Equipment: 
Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Chain Belt Co. 


Etablissements Degremont 
Filtration Corp. 
General Filter 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
F. B. Leopold Co. 

Machine Co. (Div., B-I-F 


(Div., 


ADVERTISERS’ PRODUCTS 


Permutit Co. 

Roberts Filter Mig. i 
Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 
Hays Mig. Co. 

Mueller 


Fittings, Tees, Elis, etc.: 
Alco Products, Inc. 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
ames B. Clow & Sons 

resser Mig. Div. 
M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Flecculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Leopold Co. 
Permutit 

Stuart Corp. 


Fluoride Chemicals: 

American Agricultural Chemical Co. 

Tennessee Corp. 

Fluoride Feeders: 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 


Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Burgess-Manning Co., Penn In- 


struments Div. 
Infilco Inc. 
Minneapolis-Honeywell Regulator 


0. 

Simplex Valve & Meter Co. 
Sparling Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss of Head, Pressure 


of Vacuum, Rate of Flow, 
Sand Expansion: 


Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Foxboro Co. 

Infilco Inc. 

Regulator 


Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

i Drainage & Metal Products, 
nc 

Chapman Valve Mfg. Co. 

ames Clow & Sons 


ueller Co. 
. D. 


Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 


Hydrants: 

B. Clow & Sons 
arling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Pn 

Ludlow Valve Mf, 

M & H Valve & Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

D. Wood Co. 
Hydrogen lon Equipment: 
W. A. Taylor & Co. 
Wallace & Tiernan Inc. 


Hypochlorite; see Calcium 
Hypochlorite; Sedium Hy- 
pochlorite 


lon Exchange Materials 
Allis-Chalmers Mfg. Co. 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Jointing Materials: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Leadite Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div. 

nit tates Pipe oundry Co. 

R. D. Wood Co. 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., 

Industries, Inc.) 

Permutit Co. 

Wallace & Tiernan Inc. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 


B-I-F 


Badger Meter Mfg. Co. 
Dresser Mfg. Div. 
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YES SIR? 


Here’s a box 
locator that 
really does a job! 


M-SCOPE 
BOX 
LOCATOR 


QUICKLY LOCATES pavement covered man- 
holes, valve covers, boxes, metal survey or proper- 
ty markers, lost and buried tools, metal beams, in 
fact any metal below surface or benind brick, plas- 
ter or stone siding. Weighs only 7 lbs. Baked 
wrinkle finish on metal with red lacquered wooden 
handle—moisture-proofed loop assembly. Send 
for and try this time tested and proven locator. 
Immediate shipment. 


Price $139.50. 


PIPE LINE EQUIPMENT 


POLLARD 


PIPE LINE EQUIPMENT 


MODEL T-10 


Place your next order with POLLARD 


If it's from POLLARD . . . It's the Best in Pipe Line Equipment 


NEW HYDE PARK + NEW YORK 


P&R 101 


EASY is the word that best de- 
scribes how this amazing instru- 
ment locates hidden metal. Con- 
vince yourself ! 


964 Peoples Gas Building, Chicago, Illinois - 
333 Candler Building, Atlanta, Georgia : 
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| 
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Ford Meter og Co. 

Hays Mf 

Hersey Mfg. Co. 

Mueller Co. 

Neptune Meter Co 

Pittsburgh E Meter Div. 
Worthington-Gamon Meter Co. 


Meter Reading and Record 


Books: 
Badger Meter Mfg. Co. 
Badger Meter Mig. Co 
er Meter . Co. 
Meter Box €o. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 


adger Meter Mfg 

Buffalo Meter 

Hersey Mf 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & — ply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Foster Eng. Co. 

Infilco Inc. 

Regulator 


Simplex Valve & Meter Co. 
Sparling Meter Co. 
Industrial, Commer- 
Badger Meter Mfg. Co. 

Buffalo Meter Co. 


Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Burgess-Manning Co., Penn In- 


struments Div. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
Sparling Meter gg 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Meter Repair Parts 
Meter Specialty Co. 
Mixing Equipment: 
Chain Belt 
General Filter Co. 
Infilco Inc. 
F. B. Leopold Co. 
Paints: 
Barrett Div. 
Inertol Co., Inc. 
Koppers Co., Inc. 


Pipe, Asbestos-Cement: 
ohns-Manville Corp. 

y & Mattison Co. 
Pipe, Brass: 
American Brass Co. 


Pipe, Cast Iron (and Fittings) : 
Alabama Pipe Co. 
American Cast Iron P’ Co. 
Cast Iron Pipe R Assn. 
B. Clow & Sons 

rinity Valley Iron & Steel Co. 
owe & Foundry Co. 


Pipe, Cement Lined: 
Five, Com Cast Iron Pipe ~ 
Cast Iron Pipe Research 
B. Clow & Sons 


Pipe, Concrete: 
a Concrete Pressure Pipe 


Lock Joint Pipe Co 

Pipe, Copper: 

American Brass 

Pipe, Steel: 

Alco Products, Inc. 

Armco Drainage & Metal Products, 


Inc. 
Bethlehem Steel Co. 


Pipe Cleaning Services: 
National Water Main Cleaning Co. 


Pipe Cleaning Tools and 
Equipment: 
Flexible Inc. 


Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

Barrett Div. 

Cast Iron Pipe Research Assn. 

Centriline Corp. 

Inertol Co., 

Koppers Co., 

Reilly Tar & Chscmical Corp. 

Cutters: 

James B. Clow & _ 

Ellis é Ford Mfg. 

Jos. G. Pollard 

‘A. P. Smith Mfg. Co. 

Pipe Jointing Materials; see 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Potassium Permanganate: 

Carus Chemical Co. 


Pressure Regulators: 
Allis-Chalmers Mig. Co. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 
Mueller Co. 

Ross Valve Mfg. Co. 


Pumps, Boiler Feed: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Layne & Bowler Pump Co. 
Worthington Corp. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Worthington Corp. 


Pumps, Chemical Feed: 

Infilco Inc. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 

Pumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Worthington Corp. 

Pumps, Diaphragm: 

Dorr-Oliver Inc. 

W. S. Rockwell Co. 

Wallace & Tiernan Inc. 

Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg. Co. 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 


United States Pipe & Foundry Co. 
R. D. Wood Co. 


ADVERTISERS’ PRODUCTS 


C. H. Wheeler Mfg. Co. 

Worthington Carp. 

Pumps, Sump 

DeLaval Steam Turbine Co. 

Layne & Bowler Pump Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Recorders, Gas Density, CO,, 
NHg, ete.: 

Permutit Co. 

Wallace & Tiernan Inc. 

Recording Instruments: 


Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Burgess- Manni Co., Penn In- 


struments Div. 
Infilco Inc. 


Minneapolis-Honeywell Regulator 
Co. 


Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Sparling Meter Co. 
Sand Expansion Gages; see 

Gages 
Sleeves: see Clamps 
Sleeves and Valves, Tapping: 
James B. Clow & Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Sludge Blanket Equipment: 
General Filter Co 
Graver Water Conditioning Co. 
Permutit Co. 
Sodium Chloride: 
International Salt Co., 
Sodium Fluoride 
American Agricultural Chemical Co. 
Sodium H 
Calgon Co. 
Sodium Hypochlorite: 
oe Wiley Jones Co. 

allace & Tiernan Inc. 
Sodium Silicate: 
Philadelphia Quartz Co. 
Sodium Silicofluoride 
American icultural Chemical Co. 
Tennessee Corp. 
Softeners: 
Cochrane Corp. 
Dorr-Oliver Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Softening Chemicals and Com- 
pounds: 
Calgon Co. 
Cochrane Corp . 
General Filter Co. 
Infilco Inc. 
International Salt Co., Inc. 
Permutit Co. 
Tennessee Corp. 
Standpipes, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 


DeLaval Steam Turbine Co, 


Graver Tank & Mfg. Co, 
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25,000 


Municipal water needs vary and 
that’s why Layne produces 
pumps in a variety of sizes and 
capacities, each designed and en- 
gineered to deliver the required 
GPM economically and unfail- 
ingly. 

Layne pumps are backed by 
over 75 years of experience 
gained around the world. 


Gallons per minute 
ye per Layne Pump 


Write for free bulletin No. 200. 


LAYNE & BOWLER, INC. 
Memphis 8, Tennessee 


Layne Associate Companies 
Throughout The World 


VERTICAL TURBINE PUMPS 
WATER TREATMENT 
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Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Steel Plate Construction: 
Alco Products, Inc. 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
and Corporation: 
Hays 
Mueller Co. 
Storage Tanks: see Tanks 
Strainers, Suction: 

ames B. Clow & Sons 

. Greenberg’s Sons 
R. D. Wood Co. 
Surface Wash Equipment: 
Cochrane Corp. 
Permutit Co. 
Swimming Pool Sterilization: 
Builders-Providence, Inc. (Div., 

B-I-F Industries, Inc.) 
Omega Machine Co. (Div., B-I-F 


Industries, Inc.) 
Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 
Wallace & Tiernan Inc. 
Tanks, Steel: 
Alco Products, Inc. 
Bethlehem Steel Co. 
Chicago & Co. 
R. D. Cole Mfg. Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Machines: 
Hays Mfg. Co. 
Mueller Co. 
A. P. Smith Mfg. Co. 
J Machines, Corp.: 
Hays Co. 


Mueller 

Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve > 

A. P. Smith Mfg. 

Valley Steel Co. 
D. Wood Co. 


Machines: 
Mueller Co. 
A. P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitude: 


Golden-Anderson Valve Specialty Co. 


W. S. Rockwell Co. 
Ross Valve Mfg. Co., Inc. 
S. Morgan Smith Co. 


Valves, Butterfly, Check, Flap, 


Foot, Hose, Mud and Plug: 
Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Chapman Valve Mig. Co 
ames B. Clow & Sons 
Zurik Corp. 
M. Greenberg’s Sons 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
Mueller Co. 
Henry Pratt Co. 
Rensselaer Valve Co. 
W. S. Rockwell Co. 
S. Morgan Smith Co. 
R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Mfg. Co. 


James B. & Sons 
Darling Valve & Mfg. Co. 
DeZurik Co: 


rp. 
Golden-Anderson Valve Specialty Co. 
yg Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

Chapman Valve Mfg. Co. 

— B. Clow & Sons 
arling Valve & Mfg. Co. 

DeZurik Corp. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Co., Inc. 

M & H Valve & Fittings Co. 

Mueller 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydraulically Oper- 
(Div., 


Valves, 
ated: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 
ames B. Clow & Sons 
arling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve specialty Co. 

Kennedy 

F. B. Leo 

M&H & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 
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Valves, Large Diameter: 

Chapman Valve Mfg. Co. 

— B. Clow & Sons 
arling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

Ludlow Valve -~, Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell 

A. P. Smith Mf, 

S. Morgan Smith Co. Co. 

R. D. Wood Co. 

Valves, Regulating: 

DeZurik Corp. 

Foster Eng. Co. 

Golden-Anderson Valve = Co. 

lator 


Mueller Co. 
Henry Pratt Co. 
W. S. Rockwell Co. 
Ross Valve Mfg. Co. 
S. Morgan Smith Co. 
Valves, Swing Check: 
Chapman Valve Mfg. Co. 
ames B. Clow & Sons 
arling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
M. Greenberg’s Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
S. Rockwell Co. 

— Mfg. Co. 

D. Wood Co. 


Tubes: 


Builders-Providence, Inc. (Div., 
B-I-F Indus’ 
Burgess-Manning Co., Penn In- 


struments Div. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Waterproofing: 

Barrett Div 

Inertol Co., Inc. 

Koppers Co., Inc. 

Water Softening Plants; see 
Softeners 


Water Supply Contractors: 

Layne & Powler, Inc. 

Water Testing Apparatus: 

W. A. Taylor & Co. 

Wallace & Tiernan Inc. 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

General Filter Co. 

sraver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mig. Div. 

Zeolite: see lon Exchange 
Materials 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1957 AWWA Directory. 
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Camden’s new 
5,000,000-gallon standpipe 
painted with Inertol... 


FOR PROTECTION — 
BEAUTY— 
ECONOMY! 


e This 5-million-gallon standpipe can look forward to long years of 
maintenance-free economy, a trim, attractive appearance. Inside and out, 
it’s protected with Inertol paints! 

Exterior surfaces are guarded with Inertol’s rugged, weather-resistant 
aluminum paint; interior surfaces, with Inertol’s asphaltic tank paint... 
imparts neither taste nor odor to potable water. 

Specified by Consulting Engineers Havens & Emerson, New York, 
these Inertol coatings meet the exacting requirements of water works 
service. Leading consulting engineers all over the country specify them 
again and again. 

A prominent shipbuilding and manufacturing center, Camden, N. J., 
is one of many cities which benefit from Inertol coatings. You, too, can 
benefit from Inertol’s 50 years’ experience in protective-decorative coat- 
ings designed to withstand submersion, weather and harsh chemical and 
abrasive conditions of municipal and industrial service. 

Send today, without obligation, for Inertol’s “Engineers’ Painting 
Guide” and “Tank Paints”—a handy portfolio of painting ideas. Just 
write us on your business letterhead, giving your title. 


Ask about Rustarmor®, A complete line of quality coatings for sewage, 
Inertol’s new Princo water and industrial wastes plants. 
groscopically cortrolled 
IN ERTOL Cco., INC. 
—excellent for standpipe 484 Frelinghuysen Avenue, Newark 12, N. J. 
and water tank exteriors. 27G South Park, San Francisco 7, California 


Visit our Booth at the American Water Works Ass’n. Convention, Dallas, Texas; April 20-25. 
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ROCKWELL "O”-R 
STUFFING BOX 


“put an end 


to stuffing box. 
troubles and 


EXCLUSIVE* CONSTRUCTION ELIMINATES LEAKS, BINDS 


Rockwell “‘O”’-Ring st box nuts 
vide a leak tight 9 seal on the register 
Briv ve spindle. This seal is accomplished 


with very slight compression, so friction 
becomes negligible and meter perform- 
ance is actually improved. is con- 


struction is foolproof, since the “‘O”- 

Ring nut can be force tightened with 

a wrench without applying any addi- 
field ha 

ven years 0 experience have 

e success of this exclusive 


al development—now fur- 


*Potented 


nished as standard construction on 

Rockwell meters at no additional cost. 

And Rockwell “O”’-Ring stuffing box 

nuts are available as interchangeable 

replacement parts for earlier model 

Rockwell meters. Ask your Rockwell 

to demonstrate. Rockwell 
anufacturing Co., Pittsburgh 8, Pa. 


another fine product by 'G) 


ROCKWELL 


\ 
AG “NUTS. 
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The solution to this problem is always the same . . . but 
Water Treatment Probiems are different 

No two water treatment problems are exactly alike. The right solution to each 
can only be arrived at after a careful study of the local conditions. Variables such. 
as raw water composition, rate of flow and results required automatically rule out 
the cure-all approach. The installation shown below is a good example of how 
equipment should be selected to fit the job . . . and not vice versa. 


Looking across the Yellow Breeches Creek to the new 2 Mi 
New Cumbertand, Penn, Water Treatment Plant. 


New Cumberland, Pennsylvania... 
Repeat Order for Dorrco PeriFilter System Will Double Capacity to 4 MGD 


In 1954 the Riverton Consolidated Water Company 
started up this compact 2 MGD water treatment 
plant for coagulation for turbidity removal. They 

ted a Dorrco PeriFilter System, consisting of a 
57'6" x 15'6" s.w.d. Dorrco Hydro-Treator sur- 
rounded by an annular sand filter, as the most 
economical solution for local conditions. 

The “ unitized”’ design of the Dorrco PeriFilter is a 
natural for existing plant expansion, and when the 
water requirements for New Cumberland increased, 
the solution was simple. They ordered another Dorrco 


PeriFilter System, a duplicate of the existing unit, 
which will double the capacity of the treatment plant 
to 4 MGD. 

The new unique design of the Dorrco PeriFilter 
System cuts construction costs because both pre- 
treatment unit and filter are installed in the same 
tank. Valves and piping are greatly simplified. Re- 
duced head losses and simple operation add up to 
lower operating costs. 

If you'd like more information on the Dorrco 
PeriFilter System write for Bulletin No. 9042, 
Dorr-Oliver Incorporated, Stamford, Connecticut. 


Every day over 8% billion gallons of water are treated by Dorr-Oliver equipment. 


Hydro-Treator, PeriFilter TM. Reg. U. S. Pat. Off. 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’”’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material fer c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75%, 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


400 LBS. 
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